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The main aim of electronic edition «Nanotechnolo-
gies in Construction: A Scientific Internet-Journal»
Nanobuild.ru is to provide information support for
the process of invention and application in the world
of science intensive technologies (mostly nanotechno-
logical products) in construction, communal and housing
services, joint areas (industry, power et al.).

The Main Tasks of the Electronic Edition «Nanotechnol-
ogies in Construction: A Scientific Internet-Journal»:
1. Providing scientists and specialists from different coun-
tries with the opportunity to publish the results of their
research and receive information about modern tech-
nologies and materials, high-performance equipment in
construction, communal and housing services, joint areas
(industry, power et al.).

2. Popularization of achievements of leading scientists,
engineers, experts and researchers from different coun-
tries.

3.To provide information support and participate in the
events (forums, conferences, symposia, workshops, exhi-
bitions, round tables etc) devoted to nanoindustry and
problems of application of nanoindustry in construction
and housing and communal services, which are perspec-
tive and of great importance.

The electronic edition <Nanotechnologies in Construc-
tion: A Scientific Internet-Journal» Nanobuild.ru has
been published since 2009 and its periodicity is 6 is-
sues a year.

INTERNATIONAL ACADEMY
OF ENGINEERING
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Hble TpeboBaHNA, HeobxoaVMble A AOCTYNA K N3LaHUI0;
ApXMBMpPOBaHUE; rpadvik n3gaHusn)

OCHOBHOI LieN1blo 3N1eKTPOHHOro nsgaHusa «kHaHorex-
HOJIOrNM B CTPOUTENbCTBE: Hay4HbIll IHTepHeT-XKYyp-
Han» Nanobuild.ru aBnaerca nunpopmaumnoHHoe o6e-
cneyeHune npouecca co3faHnNA U BHeAPEHUA B Mupe
HaYKOEMKMX TEXHONOIUIA (Npexkae BCero — HaHOTEXHO-
NOrNYECKON NpoayKUMKM) B 06NACT CTPOUTENBCTBA, XKU-
JIMLHO-KOMMYHabHOMO XO3AMNCTBA, CMEXHbIX OTpacnemn
(MPOMBILLINEHHOCTN, SHEPTETUKU 1 Ap.).

OCHOBHbIE 3aaun 3N1eKTPOHHOro nsgaHusa «Havo-
TEXHONIOTMU B CTPOUTENbLCTBE: Hay4HbIN IHTepHeT-
KypHan»:

1.MpepocTaBneHne yyeHbIM 1 CneyuanncTamM U3 pasHbix
CTpaH BO3MOXHOCTU NyOMKOBATh pe3ysnbTaTbl CBOUX MC-
CnlefoBaHNiA 1 NoyYaTb MHGOPMALMIO O COBPEMEHHbIX
TEXHOJOMUAX 1 MaTepranax, BblcCOKo3$pheKTMBHOM 060-
pyZoBaHUM B 06/1aCTN CTPOUTENBbCTBA, XKUJNLLHO-KOMMY-
Ha/IbHOMO XO3ANCTBA, CMEXHbIX OTpac/en (MPOMbILLIEH-
HOCTW, SHEPTETUKM U Ap.).

2. [MonynAapm3auma SOCTUMKEHUI BeOyLWNX YUeHbIX, NHXe-
HepOB, KCNEPTOB U UCCNIEefOBATENEN M3 PA3NINYHbBIX CTPAH.
3. IHpopMaLMOoHHas noafepKa 1 yyactTue B Meponpu-
ATUAX (GopyMax, KOHPepeHUMAX, CUMMO3UYMaX, CEMUHA-
pax, BbICTaBKaX, KPYr/blX CTONax U T.4.) N0 HAHOUHAYCTPUN
N NPVIKNagHbIM BOMPOCaM HaHOTEXHOMOMMIA B 06/1acTn
CTPOUTENBCTBA U XKUIULLHO-KOMMYHaNIbHOIO X03ANCTBa,
MIMEIOLLMX aKTyaNlbHOE 1 MepPCneKTUBHOE NPaKTMYecKoe
3HaueHue.

dneKTpoHHOe n3paHne « HaHoTexHonorMm B CTpouTesb-
CTBe: Hay4HblIll THTepHeT-KypHan» Nanobuild.ru nuspa-
eTca ¢ 2009 roga, neprMognuYHOCTb — 6 HOMEpoB B rop,.
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The subject of the journal’s articles is given in Appen-
dix 2 (chapter «on the observance of publishing ethics
by the editors of electronic edition «<Nanotechnologies in
construction: A scientific internet-journal» and the state-
ment of prevarication absence»).

Every issue of electronic edition «Nanotechnologies in
Construction: A Scientific Internet-Journal» contains the
information about advanced materials and technologies
which are already in use or are about to appear at the
market in the near future. That is of great interest for many
specialists.

Therefore the edition’s readers and authors are:

- students, lecturers, post-graduates and people working
for doctor’s degree;

- scientists and specialists of research institutes and nano-
technological centers;

« heads and specialists of the institutions, organizations
and factories from the sphere of construction and housing
and communal services;

- scientists and specialists of the industries which are
adjacent to construction;

- experts of the enterprise-producers manufacturing na-
noindustrial output.

INTERNATIONAL EDITORIAL COUNCIL
(PUBLIC ADVISORY BODY)

Chairman of the international editorial council

Boris V. GUSEV - Editor-In-Chief of Electronic Edition
«Nanotechnologies in Construction: A Scientific Inter-
net-Journal», Corresponding Member of RAS, President
of Russian Academy of Engineering and International
Engineering Academy, Head of Department «Construc-
tion Materials and Technologies» Russian University of
transport, Honored Scientist of RF, Laureate of USSR and
RF State prizes, Doctor of Engineering, Professor, Russian
Federation

Members of the international editorial council

Evgeny M. CHERNYSHOV - Full member of RAACS,
Chairman Presidium of Central Regional Department of
Russian Academy of Architecture and Construction Sci-
ences, Director of Educational Creative Academic Center
«Archstroynauka» SUACE Department of Academic Scien-
tific and Educational Cooperation, Doctor of Engineering,
Professor, Russian Federation

Oleg L. FIGOVSKY - Full Member of European Academy of
Science, Forein Member of RAE and RAACS, Editor-in-Chief
of SITA, OCJ n RPCS, Director of «<Nanotech Industries, Inc.»
(USA), and Director of International Nanotechnological R&D

TemaTtuka cTaTen XKypHana npvsegeHa B [punoxexHnn 2
(pa3gen «o cobnofeHy pefakuyelt SNeKTPOHOro N3aHNA
HaHOTEXHONOMMN B CTPOUTENbCTBE: HAaYUHbIN UHTEPHET-
XKYpPHan» n3aaTeNibCKOM 3TUKM U 3asiBJieHMe 00 OTCYTCTBMM
3/10ynoTpe6eHNA CyXeBHbIM NOOKEHEMY).

B KaxkgoM HoMepe 31eKTPOHHOro U3faHna «HaHoTexHo-
IO B CTPOUTENbCTBE: HAyUHbIN VIHTepHeT-XypHan»
nybnukyetca nHdopmauus o nepefoBbiX MaTepuanax
1 TEXHONOTMAX, KOTOPbIE YK NCMOMb3YIOTCA NN JOMKHbI
NnosBUTbLCA B GnKallee Bpems, a 3TO Bbi3blBaeT 60sb-
IOV UHTepec y cneumanncTos.

MosTomy aBTOpPamMm 1 YnTaTenAMmN N3JaHNA ABNAIOTCA:
+ CTYAEHTbI, NpenofaBaTesny, acnMpaHTbl U JOKTOPAHTI
BY30B;

+ YUeHble 1 CneumnanncTbl Hay4YHO-UCCneaoBaTeNbCKUX
VNHCTUTYTOB 11 HAHOTEXHOIOTNYECKUX LIEHTPOB;

+ PYKOBOAMTENV 1 CNELMANICTbl YUPEXOEHUN, OpraHu-
3auUun 1 NpeanpuATUN CTPOUTENTIbHOTO KOMIMJIEKCa U XKU-
NINLLHO-KOMMYHaJIbHOTO XO3ANCTB3;

+ yYeHble 1 CeLmanmCTbl CMEXKHbIX CO CTPOUTENIbCTBOM
oTpacnen;

« dKCNepTbl GUPM-NPON3BOAUTENEN NMPOAYKLM HAHO-
NHAYCTPUN.

MEXAYHAPOOHbIN PEAAKLLMOHHbIA COBET
(OBLLECTBEHbIV KOHCYJIbTATUBHbIV OPTAH)

lMpedcedamenb mexx0yHAapoOHO20 pedaKYyUuOHHO20 cosema

F'YCEB Bopuc BnagnmmnpoBu4 — rnaBHbI pefaktop
3NIeKTPOHHOro M3gaHmAa «HaHOTexHoNnorum B CTPo-
NTEeNbCTBE: HayuHbI VIHTepHeT-XypHan», 4YieH-
kKoppecnoHngeHT PAH, npe3sungent PUA n MUA, 3aseny-
townin Kapeapon «CTponTesnibHbie MaTepuranbl U TEXHO-
nornmn» PoCCMCKOro yHmBepcuTeTa TPAHCNOPTa, 3acny-
XKeHHbI peatenb Haykn PO, naypeaT locygapcTBEHHbIX
npemun CCCP n PO, g-p TexH. Hayk, npodeccop, Poccuin-
ckaa Oegepauymn

YneHol Mexx0yHapoOHO20 pedaKyuoHHO20 cosema
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HOro oTaeneHma Poccnnckonm akageMmmn apxmTekTypbl
N CTPOUTENbHBIX HayK, ANPEKTOP 06pa3oBaTENbHOIO
TBOPYECKOro akaeMnyecKoro LieHTpa «ApXCcTporHayKa»
BopoHexckoro FACY, o-p TexH. Hayk, npodeccop, Poccuin-
ckaa Qepepauyusa

®UrOBCKUI Oner JIbBOBUY — [eICTBATENbHbIN UNeH
EBponenckon akagemun HayK, MHOCTPaHHbIN uneH PUA
1 PAACH, rnaBHbI pegakTop »ypHanos SITA, OCJ n RPCS,
anpektop komnaHuu «Nanotech Industries, Inc.», Kanu-
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nccnefoBaTenbckoro MoCKOBCKOrO rocyaapCcTBEHHOIO
CTPOWTENIbHOIO YHUBEPCUTETA, AOKTOP MaTepranoBese-
HuA, Poccuiickaa Pepepauus

XO3UMH Bagum MpuropbeBuy — 3aBefyownii kadbenpom
«TexHONnornm CTPOUTENbHbIX MaTEPUANOB, U3AENNI U KOH-
CTPYKUMIN» Ka3aHCKOro rocyjapCTBEHHOMO apXUTEKTYPHO-
CTPOUTENBbHOIO YHUBEPCUTETA, 3aC/y>KEHHbIV AeATenb
HayKku Poccuiickon Oepepaumm n Pecnybnmku TatapcTaH,
NMOYETHBIV PabOTHVIK BbiCLIEro NPodeccrioHanbHOro 06-
pa3oBaHus PO, a-p TexH. Hayk, npodeccop, Poccuiickas
Oepepaumn

JIbIHbKOB Jleoung MuxaiinoBuu — 3asesyownii Kade-
apoi «3awuta nHdopmauum» YO «benopycckuii rocynap-
CTBEHHbI YHUBEPCUTET MHGOPMATUKL U PagMOSNeKTPO-
HUKW», A-p TeXH. HayK, npodeccop (r. MuHck, benapyco),
benapycb

MAJNKWH Monap, — ctapwunin Hay4HbIN COTPYAHUK, YHN-
BepcuteT beH-TypuoHa B Herese, a-p ¢.-M. HayK, UHO-
CTPaHHbIN YsieH POCCMNCKON MHXEHEPHOW akagemmu,
leHepanbHbIN aupekTop, «StartUpLab», U3pannb

MELLEPUH Buktop CepreeBuY — ANpeKTOP UHCTUTYTa
CTpOUTENbHbIX MaTepranoB TeXHNYEeCKOro yHUBepCu-
TeTa [lpe3feHa, A-p TeXH. HayK, npodeccop (Ope3aeH),
lepmaHua

CUKOPA MaBen - KaHAMAAT HayK, 3anagHOMOMOPCKUN
TexHonornyeckmm yHmeepcuteT B LLeumHe (MonbLwa), Ha-
YUHbIA COTPYAHMK BepnnHCKOro TexHM4YeCckoro yHnBep-
cnteta, lepmaHna

COBOJIEB KoHcTaHTUH MeHHaguneBu4 — pykoBoguTenb
TEXHUYECKOTO KOMUTETa AMEPUKAHCKOTO MHCTUTYTa bOe-
ToHa ACI 241 «HaHoTexHonornn B 6eToHe», npodeccop
YHuepcuteta BuckoHcnH-Munyokn, CLLIA

YPXAHOBA Jlapuca AnekceeBHa — 3aBefyollas Ka-
deppoint «MNpon3BoACTBO CTPOUTENbHbBIX MaTepunanoB
1 n3genuin» BoctouHo-Cnbrpckoro rocynapcTBEHHOTO
YH/BEpCUTETa TEXHONOTUI 1 YyNPaBieHUs, A-P TEXH. HayK,
npodeccop, Poccuiickaa Oepepauus

PEAAKLUA

[naBHbIN pegakTop — A-p TEXH. HayK, npodeccop
I'YCEB bopuc Bnagumnposuy

lWed-penaktop — EBCTUTHEEBA IOnusa AHaTtonbeBHa
HavanbHuK oTaena ansarHa n BepCTKn —
PE3HUYEHKO AHgpeii CepreeBuy

PykoBoguTtenb rpynnbl MO BHELWHMM CBA3AM

KaHA. TexH. Hayk —- MYMWHOBA CsetnaHa PawmnpaoBHa

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonornm B cTpontenbCcTBE: HayUHbIN IHTepHeT-XKypHan

2019; 11 (5):
504-511

Nanobm

FOUNDER AND PUBLISHER

000 «CNT «NanoStroitelstvo»

« Member of the Publishers International Linking Associa-
tion, Inc. ( PILA);

- Member of the Association of Scientific Editors and
Publishers (ASEP).

The Electronic Edition «Nanotechnologies in Construc-
tion: A Scientific Internet-Journal» is registered as an in-
dependent mass media in the Ministry of Communication
and Mass Media of The Russian Federation. (Registration
Certificate 9n N° ®C77 - 35813 of 31 March 2009 issued
by the Federal Service on Supervision in the Sphere of
Connection and Mass Communications).

The Electronic Edition <Nanotechnologies in Construc-
tion: A Scientific Internet-Journal» has been included
in the list of peer-review journals in which the candidates
for Ph.D. and Doctorate degree must publish the main
results of their theses.

The electronic edition <Nanotechnologies in Construc-
tion: A Scientific Internet-Journal» has been included:
CA(pt) (USA); DOAJ (Sweden); EBSCO Publishing (USA);
ESCI Web of Science (USA); EZB (Germany); OAJI (USA);
ProQuest (USA); CrossRef (USA); ISSN 2075-8545 (France);
Readera (Russia); ResearchBib (Japan); ResearchGate
(USA); Scientific Electronic Library (Russia); Ulrich’s Perio-
dicals Directory (USA) et al. Each paper is assigned UDC,
DOI, HTML-code.

PUBLICATION ETHICS

Editorial Council, Editorial Board and the editorial staff sec-
ond the politics aimed at observance of ethical publishing
principles and recognize that keeping track of observance
of ethical publishing principles is one of the main com-
ponents in reviewing and publishing activities. The main
ethical principles of article publication and review are
published in the journal (chapter «On the observance
of publishing ethics by the editors of electronic edition
«Nanotechnologies in construction: A scientific internet-
journal» and the statement of prevarication absence»)
and at website http//www.nanobuild.ru.

The authors of the published materials are responsible for
the reliability of the presented information and utilization
of the data which are not to be published avowedly. The
editors have the right to make corrections. The opinion of
the editors can be different from the authors’ opinions, the
materials are published to discuss the up-to-date prob-

YYPEOAUTENDb U UBAATEND

000 «UHT «HaHoCTpoutenbcTBO»:

 uneH MexxgyHapogHoOM accoumaumm no CBA3AM n3aa-
Tenen (MACW);

 uneH Accoumaummn Hay4HbIX PefakToOpPOB 1 usgaTtenemn
(AHPW).

dneKTpoHHOe nspaHne «kHaHoTexHoNorMM B CTpou-
TeNbCTBE: HayuHblit IHTepHeT-XKypHan» 3apernctpu-
POBAHO KakK CaMOCTOATENIbHOE CPEeACTBO MAacCOBOW UH-
dopmaunn B QeilepanbHom cyx6e no Haa3opy B chepe
CBA3M M MaCCOBbIX KOMMYHMKauunii MUHUCTEPCTBa CBA3N
N MacCOBbIX KOMMYHUKaLuuin Poccuiickon Qepgepaymnn
(cBMOETENBCTBO O PErmcTpaLmm CpeacTBa MacCoOBOM VH-
dopmauum 3n Ne OC77 - 35813 o1 31 mapTa 2009 1.).

SneKTpoHHOe nspaHve «HaHoTexHonorum B cTpoun-
TenbCTBe: Hay4YHbIll IHTepHeT-XKypHan» BK/IIOUEHO
B NepeueHb peueH3npyemMbIX HayUHbIX N3JaHUN, B KOTO-
PbIX OJIXKHbI ObITb ONYHIMKOBAaHbI OCHOBHbIE Pe3yrbTaThl
AnccepTaymnm Ha COMCKaHMe yYyeHoW cTeneHn KaHamnaaTta
HayK, Ha COMCKaHMe YYeHOW CTEMeHN JOKTopa HayK.

dneKTpoHHOe nspaHne «kHaHoTexHonornu B CTpou-
TenbcTBe: HayuHblli IHTepHeT-)KypHan» BK/IOYEHO
B CMCTeMbl LMTUPOBaHNsA (6a3bl gaHHbIX): CA(pt) (CLUA);
DOAJ (Wseuwus); EBSCO Publishing (CLLUA); ESCI Web of
Science (CLUA); EZB (Tepmanus); OAJI (CLLA); ProQuest
(CLLUA); CrossRef (CLLA); ISSN 2075-8545 (OpaHuus); Ha-
yUHasi 371eKTpOHHas bubnuoteka (Poccusn); Readera (Poc-
cnA); ResearchBib (AnoHunsa); ResearchGate (CLUA); Ulrich’s
Periodicals Directory (CLLA) n gpyrue. Kaxkgoin HayuHO
ctaTbe npuceanBatotca YOK, DOI, a Takke HTML-kog,

U3ONATEJNIbCKAA 3TUKA

PeakUMOHHbIV COBET, peaakLMOHHAsA KONNervis, Kosnek-
TUB pefakunmv NoAaAePKUBAIOT MOSIUTIKY, HAMPaBAEHHYO
Ha cobniofgeHve NPUHLMNOB 13AaTeNbCKOWN 3TUKK, U MPU-
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deeply oxidized bitumen, tar and vacuum gas-oil of different hydrocarbon composition are carried out.

The bitumen is marked to have the optimal complex of properties if the best chemical group composition of three main elements
bitumen binding agents - oils, resins and asphaltenes - is formed. That provides the best structure of bitumen oildisperse system.

The object of the research is the selection of compounded paving bitumen chemical group composition that provides the
formation of bitumen nanodisperse system as «sol-gel» which quality metrics match the requirements of the new State Stan-
dard 33133-2014 «Petroleum paving viscous bitumen».

The analysis of the research results makes it possible to determine the optimal chemical group composition of compounded
bitumen that meets standard requirements by physicochemical properties. It has been determined that the higher the bitumen
dispersion is, the more plastic properties it has. In addition, the bitumen ability to thermal-oxidative processes of deterioration
decreases. The value range of bitumen dispersion and the most optimal values of asphaltenes ratio to the amount of oils and resins
for bitumen grade BND 100/130 and for bitumen grade BND 70/100 were found. This amount of oils and resins for referred bitumen
grades provide production of nanostructured bitumen as «sol-gel».

It is shown that when processing tar of different chemical composition the optimal chemical group composition of finished
product can be formed by compounding. That rises probability that the end product will fit to the new State Standard 33133-2014.
The represented results of the research can be used in fabrication as the modern laboratories of the oil-refining enterprises can
determine quite efficiently the chemical composition of oil products used in compounding processes in bitumen binding agents
production.
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INTRODUCTION

he use of the high-quality petroleum bitumen pro-

vides durability of asphalt coverings under heavy
traffic conditions. The quality of bitumen as that of the
petroleum disperse systems is directly connected with
their structures and properties that are defined by the pro-
portion of oils, resins and asphaltenes [1—9]. These three
main structural elements of bitumen binding agents in-
teract and form the variety of microheterogeneous nano-
disperse structure [10—13].

One of the available and effective methods of pe-
troleum bitumen production is the processing based on
mixing deeply oxidized bitumen with heavy still bottoms
(tar) — «compounding» [14—17]. This technology is in-
troduced in some Russian enterprises. It permits to en-
large the production stock and to improve the petroleum
bitumen properties. The best chemical group composi-
tion of bitumen and its dispersion [18—21] can be got by
selecting the optimal ratio of compounds and the finished
product will match the State Standard 33133-2014.

The bitumen will have the optimal complex of prop-
erties only if it has the best chemical group composi-
tion from oils, resins and asphaltenes and the definite

structure of petroleum disperse systems is formed. The
studies of bitumen cross-linking processes permit to bring
out the possible disperse structures forming in bitumen
against the quantity and nature of asphaltenes, the kind
of hydrocarbons and the quantity of resins in disperse
environment.

The results represented in the research [22] show
the dependence of bitumen running abilities from their
chemical composition that is characterized by the scales
of asphaltenes content ratio to resins content (A/R) and
ratio of asphaltenes and resins amount to resins content
(A+R)/0. It is set up that the heat -and cold-resistant
bitumen with high strength must have 23% mass. of resins,
15—18% mass. of asphaltenes, 52—54% mass. of oils and
ratio must be A/R =0,5-0,6 and (A+R)/0 = 0,8—0,9.

A.S. Kolbanovskaya [19, 23, 24] suggested her own bi-
tumen classification having associated the nature of space
supramolecular structure of bitumen with the content
of main components in them and interaction degree be-
tween the particles of bitumen disperse stage. She defined
three types of bitumen structure: «gel», «sol» and «sol-
gel». The «sol-gel» structure is the optimal structure for
bitumen. The usage of optimal structural sol-gel bitu-
men increases the durability of asphalt coverings for 1,

http://nanobuild.ru 514

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonornm B cTpontenbCcTBE: HayUHbIN IHTepHeT-XKypHan

2019; 11 (5):
512-525

Nanobuild.

v

RESEARCH RESULTS OF THE LEADING SCIENTISTS « PE3YJIbTATbl UCC/IE4OBAHUN BEAYLUNX YYEHbIX

5—3 times in comparison with the coverings based on
the bitumen of another structure [1]. According to her
mind the bitumen must have the content of asphaltenes
in the range 21—-23%, resins — 29—349%, oils — 46—50%.
The ratio of asphaltenes to the total amount of asphalt
resinous substances (A/(S+A)) must be 0,39—0,44 and
the ratio of asphaltenes to the amount of oils and resins
(A/(M+S)) — 0,25-0,30.

Oil of new fields or its mixture is involved in the pro-
cess of refining. The asphaltenes and resins nature and
structure, hydrocarbons of this oil are different from that

Table 1
Quality indicators of tar and deeply oxidized bitumen

used before. Everything will influence the properties
of raw materials for bitumen production and bitumen
itself. That is why the investigations, directed to studying
and definition of modern bitumen chemical composition,
are necessary because these results permit to form quali-
tative nanostructured bitumen binding agent of optimal
structure for durable asphalt coverings.

The object of the research is the selection of the best
group hydrocarbon composition of compounded paving
bitumen that provides the formation of bitumen nano-
disperse system as «sol-gel» which quality metrics match

Factors : Raw material :
Tar I Bitumen I Tar 11 Bitumen II
Conditional viscosity at 80°C, sec. 96 - 87 —
Change of softening temperature after deterioration, °C 4 8 4 8
Density at 15°C, kg/m? 1001 — 1007 —
Temperature of flash in the open bowl, °C 341 — 332 —
Temperature of softening over ring and ball, °C 34 81 32 64
Depth of needle penetration at 25°C, 0,1 mm - 42 - 38

Table 2
Physicochemical properties of vacuum gas-oil fraction
Factor nomination Values

Density at 20°C, kg/m? 900
Temperature of distillation starting, °C 180
Qil products volume boils-off to 350°C, % 35
Temperature of distillation termination, °C 500
Volume fraction of excise tar, % 15
Flash temperature, °C 220

Table 3
Group hydrocarbon composition of research subjects

the requirements of the new State Standard 33133-2014
«Petroleum paving viscous bitumen».

The subject of the research: Tar (tar I, tar II), deeply
oxidized bitumen (bitumen I, bitumen II) produced from
this tar and vacuum gas-oil (VG) of primary oil refining
installation were used as the subjects of research. The
main factor of substances quality used here are shown in
tables (1, 2).

The group hydrocarbon composition was deter-
mined at the laboratory installation «Gradient-M» with
the thermal conduction sensor by the fluid absorbtion
chromatography method with gradient driving. This

L L Content, % mass.

Group combination nomination : = =

Tar I Tar I1 Bitumen I | Bitumen II | Vacuum gas-oil
Paraffin naphthene hydrocarbons 26,8 24.8 29,8 23.8 73,6
Light aromatic hydrocarbons 13,7 15,6 9,0 10,1 8,6
Medium aromatic hydrocarbons 1,0 1,8 1,7 2,4 1,7
Heavy aromatic hydrocarbons 36,2 33,3 21,0 21,4 12,0
Amount of oils 77,7 75,5 61,5 57,7 95,9
Resins 19,9 20,3 20,0 24,0 2,6
Asphaltenes 2,4 4,2 18,5 18,3 1,5
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technique permits to define the group composition
of heavy-oil products with the least error. The heavy-
oil products are divided into seven groups: paraffin
naphthene hydrocarbons, light aromatic hydrocarbons,
medium aromatic hydrocarbons, heavy aromatic hydro-
carbons, resins and asphaltenes. Group hydrocarbon
composition of components used in the research is rep-
resented in the table 3.

The results of research: The bitumen samples with
softening temperatures of 45°C and 47°C were prepared
by the method of compounding. The composition and
chemical group composition of compounded bitumen
got on base of raw material I, II and vacuum gas-oil are
represented in tables (4, 5) and their physicochemical
properties are in the tables (6, 7).

The physicochemical properties of obtained bitumen
samples on base of raw material I and II are represented
in tables (6, 7).

Table 4

The analysis of the research results made it possible
to set the optimal chemical group composition of com-
pounded bitumen represented on the pictures 1 and 2.

One of the most important piculiarities of nanostruc-
tured bitumen system is dispersion that describes not
only particles size of disperse phase in disperse system,
shows the number of particles that can be put closely in
one cubic meter, but also dispersion influences the physi-
cochemical properties of bitumen binding agent. The
more is the size of bitumen disperse phase, formed by
asphaltenes generaly, the more is its dispersion. The dis-
persion of the examined bitumen was defined according to
[1]. The picture 3 shows dependences of asphaltenes ratio
to the mount of oils and resins (A/(O+R) from dispersion
of compounded bitumen.

It has been determined that the higher the bitumen
dispersion is, the more plastic properties it has. In addi-
tion, the bitumen ability to thermal-oxidative processes

Composition and chemical group composition of compounded bitumen produced on the basis

of raw material I, IT and vacuum gas-oil

Sample Components content, % Content, %
number Bitumen Tar VG Oils Resins Asphaltenes
1 49 46 5 71 19 10
2 66 24 10 69 18 13
3 60 25 15 71 17 12
4 60 20 20 72 17 12
5 60 35 5 69 19 12
6 73 17 10 68 18 14
7 70 15 15 69 17 14
8 75 5 20 69 17 14
Table 5
Composition and chemical group composition of compounded bitumen produced on the basis
of raw material I, II and vacuum gas-oil
Sample Components content, % Content, %
number Bitumen Tar VG Oils Resins Asphaltenes
1 60 35 5 66 22 13
2 68 22 10 65 21 14
3 85 0 15 63 21 16
4 65 30 5 65 22 13
5 75 15 10 64 21 15
6 82 3 15 64 21 15
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Table 6
Physicochemical properties of bitumen produced on the basis of raw material I and vacuum gas-oil
. State Standard
Number of bitumen sample 33133-2014
Factor BND BND
L 2 . . e 6 Y g 100/130 | 70/100
Softening not lower | not lower
temperature, °C 46 4 45 45 47 47 47 47 than 45 | than 47
Change of softening tem- ot more | not more
perature after deteriora- 4 4 7 11 7 11 10 7
. than 7 than 7
tion, °C
Change sample mass af- not more | not more
ter deterioration, % mass. 0 0 0 0 0,51 0 0 0 than 0,7 | than 0,6
Depthofneedle penetra- |5\ 5y | 56 | 49 | 42 | 49 | 47 | @ 30 21
tion at 0°C«0,1 mm
Depth of needle penetra- | 35| 139 | 149 | 142 | 102 | 93 | 97 | 100 | 101=130 | 71—100
tion at 25°C«0,1 mm
. o notless | notless
Stretchability at 25°C, cm| 77 48 73 65 45 37 18 62 than 70 | than 62
Brittleness not not
; A oC =25 | =29 | =27 | =28 | =26 | =34 | =30 | —26 higher higher
emperature, than —20 | than —18

Table 7
Physicochemical properties of bitumen produced on the basis of raw material II and vacuum gas-oil
Fact Number of bitumen sample State Standard 33133-2014
actor
1 2 3 4 5 6 BND 100/130 | BND 70/100
Softening temperature, °C 46 46 45 47 48 47 not lolvgr than | not IO‘Z; rthan
Change of softening tempera- 6 6 6 5 3 4 not more than | not more than
ture after deterioration, °C 7 7
Change sample mass after not more than | not more than
deterioration, % mass. 0 0 0,43 0 0,43 0 0,7 0,6
Depth of needle penetration 41 37 54 36 43 44 30 1
at 0°C«0,1 mm
iezpstﬁ‘é’fgieﬂfnpenetrauon 104 | 110 | 118 | 80 | 8 | 83 | 101-130 71-100
Stretchability at 25°C, cm 74 | 69 | s8 | 41 | 51 | 76 | ™ 1"’753 than | - not leg; than
. . not higher not higher
Brittleness temperature, °C =27 =25 | =32 | -28 =32 | =32 than —20 than —18

of deterioration decreases. The value range of bitumen
dispersion (2,7—3,5) and the most optimal ratio (A/

(R+0)) for bitumen grade BND 100/130 — 0,11...0,15  gel» were found.

and for bitumen grade BND 70/130 — 0,16...0,18 that
provide production of nanostructured bitumen as «sol-
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Fig. 1. Optimal chemical group composition Fig. 2. Optimal chemical group composition
of compounded bitumen for the grade BND 100/130 of compounded bitumen for the grade BND 70/100
4,5
=}
2
g
&
2
1 T T T T
0 0,05 0,1 0,15 0,2 0,25
Ratio A/(O+R)
€ Raw material | B Raw material I
Fig. 3. Dependences of asphaltenes ratio to the mount of oils and resins
(A/(O+R) on dispersion of compounded bitumen produced on the basis
of raw material I and II and vacuum gas-oil
CONCLUSION
Thus, when processing tar of different chemical com- The modern laboratories of the oil-refining enterprises
position the optimal chemical group composition of fin- can determine quite efficiently the chemical composition

ished product can be formed by compounding. That rises  of oil products. Therefore the results represented here can
probability that the end product will fit to the new State  be applied in production efficiently.
Standard 33133-2014.
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BBEJEHUE

pUMeHEeHNE BBICOKOKAUYCCTBEHHBIX HEMTIHBIX

OUTYMOB 00O€eCIieurBaeT J0JTrOBEYHOCTD acdab-
TOOCTOHHBIX MOKPBHITUI B YCIOBUSIX MHTCHCHUBHOTO
IBIDKCHUS aBTOTpaHcIopTa. KagecTBO OMTYyMOB Kak
HEe(TIHBIX TUCIIEPCHBIX CUCTEM HEIOCPEICTBCHHO
CBSI3aHO C UX CTPYKTYpOI M CBOMCTBAMH, KOTOPHIC
OTTIPEIEISTIOTCS KOJTMYECTBEHHBIM COOTHOIIICHUEM Ma-
celt, cMoll 1 acanbTeHOB [1—9]. DTH TP OCHOBHBIX
CTPYKTYPHBIX 3JIEMEHTAa OUTYMHBIX BSIKYIIIMX B3au-
MOIIEMCTBYIOT MEXIY COO0It 1 00pa3yIOT TY WU UHYIO
Pa3HOBUIHOCTh MUKPOTETEPOTeHHOM HAHOIUCIIEPCHOM
cTpyKTyphI [10—13].

OmHUM U3 TIEPCIIEKTUBHEIX 11 3((DEKTUBHBIX METOIOB
TIOJTYICHUST He(DTSHBIX OUTYMOB SIBJIICTCSI TEXHOJIOTHS,
OCHOBaHHasI Ha CMEIIICHUH TIIyOOKOOKMCIICHHOTO OUTY-
Ma C TSDKEJIBIMA He(DTSTHBIMU OcTaTKaM# (TyIpOHAMM) —
«OKHCIeHUe-KoMIayHaupoBanue» [14—17]. JanHas
TEXHOJIOTHS BHEIPeHA Ha HEKOTOPBIX POCCUMCKUX TIPE-
npusgTusax. OHa IMO3BOJISIET PACIIUPUTh ACCOPTUMEHT
BBIITyCKAeMOM MMPOIYKIINY U YIYIIINTL CBOMCTBA He-
(TaHBIX OUTYMOB. B pesynbpTaTte mombopa onTUMAaIbHOTO
COOTHOIIICHMST KOMITAYHIOB MOXKXHO TOCTHYb HAMITyd-
IIIeTO TPYIIIIOBOTO XMUMUIECKOTO COCTaBa OMTYMa M €TO

Tabauya 1

IUCTIEpCHOCTH [18—21] ¥ OIyYNTH TOTOBYIO OUTYMHYIO
npoaykiuio, coorBeTcTBytomyio 'OCT 33133-2014.

butymbl OyayT 006J1amaTh ONITUMAIbHBIM KOMILIEK-
COM CBOMCTB TOJIbKO B TOM CJIyJae, KOTJa OHU UMECIOT
HAWJIYYIIMNI TPYNIIOBOM XUMHUYECKUI COCTAB U3 Macel,
CMOJ 1 achaTbTeHOB 1 cpOopMUpOBaHa OTIpeIeIcHHAS
CTPYKTypa He(pTSIHOI TUcTIepcHOM cucTteMbl. Mccmeno-
BaHUS IIPOIICCCOB CTPYKTYPOOOPa30BaHMS OUTYMOB IT10-
3BOJISIOT BEISIBUTH BOSMOXKHBIC TUCTICPCHBIC CTPYKTYPHI,
00pa3yroIImecs: B ONTyMe B 3aBUCHMOCTH OT KOJIMUECTBA
1 TIPUPOIHI ac(aTbTEHOB, BUIA YTIJICBOIOPOIOB 1 KOJIH-
YecTBa CMOJI B IUCTICPCUOHHOM cpere.

PesynbraThl, mpeacTaBieHHBIE B paboTe [22], cBU-
IEeTeIBCTBYIOT O 3aBUCUMOCTHU 3KCILTyaTallMOHHBIX
CBOICTB OMTYMOB OT MX XMMHUYECKOTO COCTaBa, KOTO-
PBIN XapaKTepu3yeTCcsl BEININHAMU OTHOIIICHUS CO-
IepxxaHus acdaabTeHOB K comepxkaHuio cmoia (A/C)
1 CYMMOI1 ac(aabTeHOB M CMOJI K COIEPKaHUIO Maces
(A+C)/M. YcTaHOBICHO, 9YTO OMTYMEBI TEIVIO- M MOPO-
30CTOMKME C BEICOKOI IIPOYHOCTHIO TOKHBI COICPKATh
23% macc. cmoi, 15—18% macc. acdaibreHoB, 52—54%
Macc. Macelsl 1 uMmeTb cootHomenus A/C = 0,5-0,6
u (A+C)/M = 0,8—0.,9.

Konbanosckas A.C. [19, 23, 24] ipemmoxXuia CBOIO
cHCTeMy KJaccupuKallmyd OMTYMOB, CBSI3aB XapaKTep

IToka3aresu KayecTBa ryJAPOHOB H I.IyOOKOOKHCJIEHHBIX OUTYMOB

HaumenoBanue nokasareeit

HaumenoBanue CoIpbsi

Iyapon I Burtym I Iyapon I1 Burym I1

YcnosHas Bsa3kocTh ripu 80°C, cek. 96 — 87 —
H3meHeHue TeMrepatypbl pa3MsraeHust 4 3 4 3
nocnie crapeHus, °C

InotHoCTh TIpH 15°C, KI/M? 1001 — 1007 —
TemmnepaTypbl BCOBIIIKY B OTKPBITOM TUTIIE, °C 341 — 332 —
Temnepatypa pazmsaryenus o Kulll, °C 34 81 32 64
I'myouna nmpoHukanus uriel mpu 25°C, 0,1 MM - 42 - 38

Tabauuya 2
Du3HMKO-XMMHYECKHE CBOICTBA (DPAKIMK BAKYYMHOTO
ra3omis

HaumenoBanue nokasarenei 3nauenus
IMnotHocTh Tipu 20°C, Kr/M3 900
TemnepaTypa Havasia rieperoHku, °C 180
o 350°C Beikumaer, % o6 35
TemnepaTypa KoHIIa IEperoHKH, °C 500
O06BeMHasT TOJIST aKIIM3HBIX cMOJT, % 15
Temnepatypa Bcrniblku, °C 220

IIPOCTPAHCTBEHHOI HAIMOJICKYJIIPHOM CTPYKTYPHI O1-
TYMOB C COIepKaHNEeM B HIX OCHOBHBIX KOMITOHEHTOB
1 CTETICHb B3aMOICHCTBIS MEXIY YaCTUILIAMU TUCITEPC-
Ho1 (pa3el OuTymMa. OHa BRIIEIMIIA TPU TUIIA CTPYKTYP
OUTYMa: «T€JTb», «30JIb» 1 «30JIb-TeNb». CTPYKTYpa «30JIb-
TeJTb» SIBJIICTCST ONITUMAJTEHOU CTPYKTYPOIA 71T OUTYMOB.
[IpuMmeHeHNE OUTYMOB ONITUMAJIBHOTO CTPYKTYPHOTO
30JIb-TEJICBOTO TUITa 00ECTICUMBACT YBEIMICHHIE CPOKa
CITY>KOBI TOPOXKHBIX TTOKPBITUIA B 1,5—3 pa3a 1o cpaB-
HEHUIO C TTOKPBITUSIMUA HAa OCHOBE OMTYMOB OPYTOM
crpykrypsl [1]. 1o ee MHeHUIO, B OUTYMaxX JOJKHO OBITh
comepxaHue achanbreHOB B npeneiax 21—23% macc.,
cMont — 29—34% macc. u macen — 46—50% macc. Ipu
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Tabauya 3
IpynmnoBoii yriieBo0pOaHBI COCTAB 00BEKTOB HCCJIEIOBAHUS

Conepxanne, % macc.

HawnmveHoBaHue rpynnoBbIX COeTUHEHHI Tyapon 1 Tyapon IT Burym I Burym 11 Bi:gl;::m
INapacduHo-HaDTEHOBBIEC YIIEBOIOPOIBI 26,8 24,8 29,8 23,8 73,6
Jlerkue apomaTnyeckue yriaeBogOpOIbI 13,7 15,6 9,0 10,1 8,6
CpegHue apoMaTU4ecKHe yIiaeBOIOPOIbI 1,0 1,8 1,7 2,4 1,7
Tskenble apoMaTUYeCKUE YTIAEBOIOPOIbI 36,2 33,3 21,0 21,4 12,0
CyMMa macel 77,7 75,5 61,5 57,7 95,9
CMoJtbl 19,9 20,3 20,0 24,0 2,6
Asphaltenes 2,4 42 18,5 18,3 1,5

3TOM OTHoOLIeHUE acGaJbTeHOB K OOIlIeil CyMMe ac-  JOPOXHbBIX OUTYMOB, KOTOPBIii 00€CIICUUT 0Opa3oBaHue

dampTo-cMommcThIX BemecTB (A/(C+A)) IOKHO OBITh  HAaHOOWCIIEPCHOM CTPYKTYPHI OMTYMa TUIIA «30JIb-TENIb»,
0,39—0,44, a oTHOIIEeHNE ac(aTbTEHOB K CYMME MaceJ  ITOKa3aTesId KauecTBa KOTOPOTro obecrieyaT TpeOOBaHUS

u cmoi (A/(M+C)) — 0,25-0,30. HoBoro ctaHgapta OCT 33133-2014 «butrymsr HedTsI-
OmHaKo B IIPOIIECCH MepepabOTKM BOBJICKACTCS  HBIC TOPOXHBIC BI3KHC».

HedTh HOBBIX MECTOPOXACHM min ee cMecH. [Ipupona Obsexmbt uccaedosanuii. B xauecTBe 00bEKTOB UC-

¥ CTPYKTypa achaTbTeHOB, CMOJI ¥ BUIHI YITICBOIOPOIOB  CIIEHOBAaHUIA OBUIM MCIIOJB30BAHBI TYIPOHEI (TYIpoH I,

3TOM He(PTU OTIUYHBI OT TeX, KOTOpasi IiepepadaThiBa- ryapoH II), rmydoKookuciaeHHbIe ONTYMEI (OUTYM I,

JIach paHee, 1 OYIyT OKa3bIBaTh CYIIECTBEHHOE BIMsAHUEe  OMTyM II), MoydeHHBIC UX 3TUX TYIPOHOB, U BAKyyM-
Ha CBOMCTBA KaK CHIPhS ONTYMHOTO IIPOM3BOACTBA, TAK  HBIH ra3oiiik (BI') ycTaHOBKY epBUYHOI ITepepadbOTKI

u camux outymoB. [ToaTomy mccinenoBanus, HatpaBieH-  HedT. OCHOBHBIE TTOKA3aTe I Ka4eCTBA NCTIOIb3yeMBIX
HBIC Ha N3yYCHHE U OTIpeaeIcHIe XUMIIECKOTO COCTa-  BCIIECTB ITOKA3aHbI B Ta0d. 1 m 2.
Ba COBPEMEHHBIX ONTYMOB, SIBIISIIOTCS HEOOXOIMMBIMU, ['pynImoBoii yriIieBogOpOIHBINA COCTAB OIPEIeIIsiIn
T.K. TIOJIyYeHHBIC PE3YJIBbTAThI IIO3BOJIST C(OPMUPOBATh  HAa JJabopaTOpHOIT ycTaHOBKe «I'pammeHT-M» C IeTeK-
Ka4eCTBEHHOEC HAHOCTPYKTYPUPOBAHHOE OMTYMHOE BSI-  TOPOM ITO TEIUIOIIPOBOTHOCTHA METOIOM KUIKOCTHO-a/I-
KyIIee ONTUMAIBHOM CTPYKTYPHI VIS IOJITOBEYHEBIX aC-  COPOIIMOHHON XpoMaTorpaduy ¢ TpaTueHTHBIM BBITEC-
(haTbTOOETOHHBIX JOPOKHBIX TIOKPHITHIA. HeHneM. /JlaHHas MeTonMKa MO3BOJISICT ¢ HaUMEHBIIeH
Ileavro uccaedosanuii cTan moagdoOP HAWIYIIIIETO TPYIT-  ITOTPEITHOCTHIO ONIPEICIIATE TPYITIIOBOI COCTAB TSKEIIBIX

ITIOBOTO YITICBOOOPOAHOIO COCTaBa KOMIIAyHANPOBAHHDBIX HC(DTEH]:)OI[YKTOB C pa3acJICHUEM Ha CEMb I'DYIIIL: ITapa-

Tabauya 4
CocTaB 4 rpynnoBoii XMMHYECKHii COCTAB 00PA3I0B GUTYMOB, MOJYYEHHBIX HA OCHOBE ChIPbs I
U BAKYYMHOI0 ra30iJis

ConaepxaHue KOMIOHEHTOB, % Conepxanue, %
Ne oOpasua
Burym Iyapon BI' Macaa CmoJibI AcdanbTens
1 49 46 5 71 19 10
2 66 24 10 69 18 13
3 60 25 15 71 17 12
4 60 20 20 72 17 12
5 60 35 5 69 19 12
6 73 17 10 68 18 14
7 70 15 15 69 17 14
8 75 5 20 69 17 14
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Tabauya 5
CocTas U rpynnoBoii XMMH4YECKHii COCTAB 00pa310B OUTYMOB, OJYYEHHbIX HA OCHOBE ChIpbs 11
U BAKYYMHOTO ra30iis

ConepxaHue KOMIIOHEHTOB, % Conepxanue, %
Ne obpasma
Butym Iyapon BT Macaa CmoJibI Acanbrenbt
1 60 35 5 66 22 13
2 68 22 10 65 21 14
3 85 0 15 63 21 16
4 65 30 5 65 22 13
5 75 15 10 64 21 15
6 82 3 15 64 21 15
(buHO-HaTEHOBRIE YIIIEBOAOPOILL, Jierkue, cpenrue, 45 u 47°C. CocTtaB U IpyNIIOBOM XMMUYECKUIA COCTAB
TsDKEJIbIe apOMATUYECKUE YIIIEBOOAOPOIbI, CMOJIbI, aC-  KOMIIAYHAMPOBAHHBIX OUTYMOB, MOJIYY€HHbBIX Ha OC-
(banbreHbl. ['pyIIIoBoii yrIeBOAOPOAHBIA COCTAB KOM-  HOBe ChIpbsi 1 1 11 1 BaKyyMHOrO ra3oiiisi, puBeaeHbI
TMIOHEHTOB, IPUMEHSIEMBIX B XOJI€ MCCIENOBAHUMA, TIpef- B Tabd. 4 n 5, a UX PU3MKO-XUMUIECKHE CBOIICTBA —
cTaBJIeH B Ta0. 3. BTa0I. 6 1 7.
DU3NKO-XUMUYECKHE CBOMCTBA MOJIYYeHHBIX 00-
Pe3ynbTaThl HCCIe0BAHMIA pa3ioB 6uTymMa Ha ocHOBE ChIpbhs | u 11 TIpeacTaBiaeHB
BTa0I. 6 7.
MeToaoM KOMITayHIMPOBAaHUS OBUTN ITPUTOTOBJIE- AHaIN3 pe3yIbTaTOB UCCIICIOBAHUI TT03BOJIMI YCTa-

HbI 06[)2131_[1)1 6I/ITYMOB C TEMIICpaTypaMH pasMATYCHUA HOBUTH ONTUMAJIbHBIA rpyHr[0B017I XAMHUYECKUI COCTaB

Tabauua 6
DuU3NKO-XUMHYECKHE CBOCTBA OUTYMOB, NMOJTy4EHHBIX HA OCHOBE ChIPbsi I M BAKYyMHOIO ra3oiiist

Ne o0pasia ouryma I'OCT 33133-2014

ITokasaTenn BH/L BHJL
! 2 3 4 > 6 7 8 100/130 | 70/100

Temnepatypa 46 45 45 45 47 47 47 47 He HUXKe | He HIKe
pasmsryenus, °C 45 47

W3meneHue Temmepary-
PHI pa3MsTUeHUS TT0CITe 4 4 7 11 7 11 10 7
crapenus, °C

He Oosiee | He Oosee
7 7

M3MeHeHMe MacChl
oOpaslia rnocie crape- 0 0 0 0 0,51 0 0 0
Hust, % Macc.

He 0osiee | He Oosee
0,7 0,6

I'nyGuHa mpoHUKaHMS

uriel ipu 0°C+0,1 MM 51 54 56 49 42 49 47 42 30 21

I'myGuHa mpoHUKaHUS

130 139 140 142 102 93 97 100 | 101—130 | 71—100
urabl ipu 25°C« 0,1 MM

Pacrskumoctb He MeHee | He MeHee
1pn 25°C, em 77 48 73 65 45 37 18 62 70 62
Temmepatypa 25 | 29 | —27 | Z28 | —26 | —34 | —30 | —pg | MeBOILE | HE Bblle
XpynkocTu, °C =20 —18
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Tabauya 7

DuU3NKO-XMMHYECKHE CBOICTBA OUTYMOB, NMOJTYYEHHBIX HA OCHOBE ChIpbsi 11 M BAKYyMHOTO ra3oiiis

Ne o6pa3ma ouryma I'OCT 33133-2014
IToka3arenn

1 2 3 4 5 6 BH/I 100/130 | BH/T 70/100
Temneparypa 46 | 46 | 45 | 47 | 48 | 47 | menmked5 | He Huxe 47
pasmsaryeHus, °C
VI3MEHEHUE TeMTNIEPATypEI pa3- 6 6 6 5 8 4 He Gostee 7 He Gosee 7
MSITYEHMS TTociie crapenws, °C
Mamenenie macehl obpasia 0 0 | 043 | 0 | 043 | 0 | neGonee0,7 | meGonee 0,6
rocJie crapenus, % macc.
IyOorHa TPOHUKAHWS WIJIBI A1 37 54 36 43 44 30 )1
npu 0°C«0,1 MM
T1yGuHa MpOHMKAHMS HEbI 104 | 110 | 118 | 80 | 8 | 83 101—130 71-100
npu 25°C+0,1 mm
PactsexnmocTts ipu 25°C, cm 74 69 58 41 51 76 He meHee 70 | He meHee 62
Temnepatypa xpynkoctu, °C =27 | =25 | =32 | =28 —32 | =32 | He Bbiie —20 | He BbIe —18

KOMITayHIMPOBAHHBIX OMTYMOB, MpeICTaBICHHBIMN
Ha puc. 1 u 2.

OmHOM X BAXKHBIX XapaKTepUCTUK HAHOCTPYKTYPH -
POBaHHOI CUCTEMBI OMTyMa SIBJIICTCS TUCIICPCHOCTD,
KOTOpasl XapaKTepHu3yeT He TOJIBKO pa3Mep JacTHII J1C-
TIepPCHOI (ha3bl B UCIIEPCHOM CHCTEMe, TTIOKa3bIBacT,
KaKOe YMCJIO YACTUI] MOXHO YJIOXKUTD BIUTOTHYIO B OII-
HOM KyOM9IeCKOM MeTpe, HO U BIMSCT Ha (PU3UKO-XUMU-
YeCKHe CBOMCTBA OMTYMHOTO BSIKyIero. YeM MeHBIIIe
pa3Mep JacTHII OIUCIIEPCHOM (ha3bl OMTyMa, KOTOPBIi
opmmpyeTcss B OCHOBHOM acaIbTeHAMM, TeM OOJIbIIIe
ero IMCITepCHOCTH [3, 4, 19]. JIncIiepcHOCTh UCCIemye-
MBIX OMTYMOB ompeaessiach 1o [1]. Ha puc. 3 mokazaHbr

3aBUCUMOCTH OTHOIIEHUS ac(aTbTeHOB K CyMME Mace
u cMoi (A/(M+C)) oT IUCIIepCHOCTH KOMITAYHINPO-
BaHHBIX OUTYMOB.

YCTaHOBIIEHO, YTO YeM BBIIIE AUCTIEPCHOCTD OUTY-
Ma, TeM OoJiee TUTACTUIHBIMY CBOICTBAMM OH 00J1aaeT,
KPOMeE TOTO CHUZKAETCST CTOCOOHOCTh OUTYMa K TepPMO-
OKHCITUTENIbHBIM TIpolieccaM ctapeHusl. Hatinen nuara-
30H 3HAUCHUI AUCIIepCHOCTH 6uTyMa (2,7—3,5) n Haum-
OoJtee onrTMMAaIbHbIC 3HaUeHUSI OTHOIICHMS A/(C+M)
st ouryma mapku BHI 100/130 — 0,11...0,15 u mnsa
6uryma mapku BHJI 70/100 — 0,16...0,18, koTopbie 00e-
crieyaT ToJlydeHre HAaHOCTPYKTYPUPOBAHHOTO OUTyMa
THUTIA «30JTb-TEJTb».
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Puc. 1. OnTumManbHbIil rPyNMoBOi XUMIIeCKuit
€OCTaB KOMIAYHIMPOBAHHBIX OUTYMOB JJIsSi MAPKH
BHJI 100/130
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Puc. 3. 3aBucumocTy oTHOIIEHUS ac()ATBTEHOB K CyMMe Maces U CMOJ
(A/(M+C)) ot 1UCTIEPCHOCTH KOMIAYHAUPOBAHHBIX OUTYMOB,
MOJy4YeHHbIX Ha OcHOBe cbipbs I u 11 u BaKyymHOro ra3oiiis

3AKJIIOYEHUE

Takum ob6pa3oM, B OUTYMHOM IIPOU3BOJICTBE METO- CoBpemenHas 1abopaTopHas 6a3a HedTerepepa-
IIOM KOMTIAyHIUPOBAaHUS MOXHO C(pOPMHPOBATH OIT-  OATHIBAIOIINX IIPEATIPUSTUN TTO3BOJISCT JOCTATOUHO
TUMAJIBHBIN TPYIIIIOBOM XMMHWYECKUIL COCTaB TOTOBOM  OIEPATUBHO OMpPEIeIISITh XUMHIECKII cocTaB HedTe-
TIPONYKIIMK U ¢ OOJIBIIEH MOJICH BEPOITHOCTH MOJIY-  HIPOAYKTOB, TTOSTOMY pe3YIbTaThl, IIPEACTaBICHHBIC
YUTB TIPOAYKIINIO, COOTBETCTBYIOIIYIO HOBOMY CTAHIAPTY B padOTe, MOTYT OBITh KBATM(DPUIIMPOBAHHO MCIIOIB30-
I'OCT 33133-2014. BaHbI B IIPOU3BOICTBE.
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About Wuhan University of Technology

uhan University of Technology (hereafter referred

to as WUT) was merged on May 27" 2000, from
the former Wuhan University of Technology (established
in 1948), Wuhan Transportation University (established
in 1946) and Wuhan Automotive Polytechnic Univer-
sity (established in 1958). WUT is one of the leading
Chinese universities under the direct administration of
the Ministry of Education and one of the universities
in the country’s construction plan of world-class uni-
versities and first-class disciplines. WUT is also jointly
constructed by the Ministry of Education, the Ministry
of Transport, the State Oceanic Administration and the
State Administration of Science, Technology and In-
dustry for National Defense. In the past 70 years, WUT
has fostered over 500.000 engineers and technicians,
maintaining itself the largest scale university under the
direct administration of the Ministry of Education for
nurturing talents oriented in the three industrial sectors:
building materials industry, transportation industry and
automobile industry and retaining itself an important
base of nurturing high-level talents for the three indus-

NIUNIVERSITY,
CHNOLOGY
E “‘T ADING}

RSITIES

.

trial sectors as well as providing significant scientific and
technological achievements.

With the practice of long-term student’s education,
WUT has formed educational ideology system with
distinctive characteristics: focusing on the lofty ideal
of building an excellent university to win a worldwide
recognition and admiration, the University has forged
the spirit of «Sound in Morality, Broad in Learning and
Pursuing Excellence», promoted the guiding principle of
«take the students cultivation as our essence, and take
academic development as our priority», and exercised
the educational concept of «<implementing excellent ed-
ucation, nurturing excellent talents and creating an ex-
cellent life». WUT is committed to building an excellent
university that provides an excellent education to lead
our students to a fulfilled life with excellent pursuit and
excellent capability.

The University has three main campuses, namely,
the Mafangshan Campus, the Yujiatou Campus and the
South Lake Campus, with a total occupying land area
of 267 hectares. Currently, WUT has 5.508 staff mem-
bers, including 3.282 full-time academic staff members,
1 academician of China Academy of Science, 3 aca-
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demicians of China Academy of Engineering, 1 for-
eign member of the Russian Academy of Engineering,
1 member of European Academy of Sciences, 1 fellow
of Australian Academy of Technological Sciences and
Engineering and 1 member of World Academy of Ce-
ramics. Besides, the University has heldpublic global
recruitment of 30 world-renowned professors to be its
«Strategic Scientists» in the area of Materials Science
& Engineering, Mechanical Engineering, Information
Technology and Naval Architecture & Ocean Engineer-
ing. WUT owns a great number of academic staff mem-
bers listed in national high-level talents programs, with
28 of them listed in the Recruitment Program of Global
Experts»(known as »the Thousand Talents Plan»),
6 listed in «Ten Thousand Talents Program», 14 listed in
«Cheung Kong Scholars Program», 7 listed in «The Na-
tional Science Fund for Distinguished Young Scholars»,
3 listed in «National Renowned Teachers» and 11 listed
in «The New Century National Hundred, Thousand
and Ten Thousand Talent Project».

The University owns 24 academic schools, 4 State
Key Laboratories, 8 State key Disciplines, 77 Doctoral
programs, 226 Master’s programs as well as 90 Bach-
elor’s programs. The Universityhas 54.986 students,
including 36.452 undergraduates, 17,224 postgraduates
(Master and PhD students), and 1.310 international stu-
dents. Besides, Material Science, Engineering Science
and Chemistry rank the top 5%o in ESI (Essential Sci-
ence Indicators) global discipline ranking list.

WUT owns 34 innovative research centers with inter-
national leading level including two State Key Laborato-
ries, one State Engineering Laboratory, one National En-
gineering Research Center and ministerial or provincial
level laboratories in the areas of new materials and build-

ing materials, transportation and logistics, mechatronics
and automobile, information technology, new energy,
resources and environmental technology as well as Pub-
lic Safety and Emergency Management. Meanwhile, the
University has established about 230 Joint Research Cen-
ters with local governments and enterprises. From 2010,
WUT has obtained 14 National Science and Technology
Awards, ranking in the forefront of Chinese higher educa-
tion institutions.

WUT has established cooperative relations for
students exchange and scientific research with more
than 190 foreign universities and research institutions
from USA, UK, Japan, France, Australia, Russia and
the Netherlands, etc. and invited over 300 interna-
tional famous scholars to be strategic scientist, guest
professors or honorary professors. From 2007, WUT
was authorized to establish 5 Bases of Foreign Out-
standing Expertise-Introduction for Disciplines In-
novation in China Leading Universities in Advanced
Technology for Materials Synthesis and Processing,
Advanced Technology for High Performance Ship,
Advanced Technology for Functional Film Materials
Fabrication and Its Application in Engineering, Key
Technology for New Energy Vehicles and Environ-
mental-friendly Building Materials. As well, the In-
ternational Joint Laboratory of Advanced Technology
for Materials Synthesis and Processing, the Base of
International Science and Technology Cooperation in
Environmental-friendly Building Materials, the base
of International Science and Technology Cooperation
on Smart Shipping and Maritime Safety. From 2009,
WUT has established 14 International Joint Research
Centers with internationally renowned institutions
from USA, UK, Italy and the Netherlands, including
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the «WUT-UM Joint New Energy Material and Con-
version Technology Key Laboratory» with the Univer-
sity of Michigan, the «<WUT-UoS High Performance
Ship Technology Joint Center» with the University
of Southampton andthe <«Joint Research Center for
Intelligent Ship and Traffic» with Delft University of
Technology. In 2016, an international college initia-
tive — the UWTSD Wuhan Ligong College was estab-
lished in Swansea in partnership with the University of
Wales Trinity Saint David, UK.

In 2017, the University was listed in 7imes Higher
Education World University Rankings, QS Asia University
Rankings, U.S. News Best Global Universities Rankings
and ShanghaiRanking’s Academic Ranking of World Uni-
versities.

Overview of the International School
of Materials Science and Engineering

Driven by the great demand for national higher edu-
cation reformation, the International School of Mate-
rials Science and Engineering (hereafter referred to as
ISMSE), Wuhan University of Technology (hereafter re-
ferred to as WUT) is aimed to build the top-notch innova-
tive talent training base and knowledge innovation centre
of Materials Science and Engineering.

WUT is one of the leading Chinese universities un-
der the direct administration of the Ministry of Educa-
tion and one of the universities constructed in priority
by the «State 211 Project» for Chinese higher education
institutions.

Since 1996, WUT has implemented the talent culti-
vation system reforms through setting up pilot classes,
including international cultivation programs, under-
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graduate-Master program and undergraduate-PhD.
program. In April 2014, ISMSE was founded and ap-
proved by the Hubei Provincial Department of Educa-
tion. In June 2015, ISMSE was selected into the list of
the «Network of International Centers for Education»
supported by the Ministry of Education of P. R. China
and the State Administration of Foreign Experts Affairs.
ISMSE is devoted to building the world-leading MSE
discipline through optimization of a high-level research
and teaching team and establishment of an innovative
talents training system, thereby to support the develop-
ment of materials industry as a technology platform as
well as a talent pool.

WUT’s Discipline «Material Science
and Engineering» enters Top 2%
in the Fourth China Discipline Ranking

China Academic Degrees & Graduate Education De-
velopment Center (CDGDC) has recently announced
the results of the Fourth China Discipline Ranking, with
WUT’s Discipline «Material Science and Engineering»
listed at the highest level: Level A+ (3 universities listed
in all, ranking Top 2% in China).

Among the evaluated disciplines, four disciples of
WUT including Mechanical Engineering, Transporta-
tion Engineering, Design Science and Marxist Theory
are listed at the Level B+ (ranking top 10%—20%),
and six disciplines are listed at the Level B (ranking top
20%—30%), including Applied Economics, Civil Engi-
neering, Information and Communication Engineer-
ing, Computer Science and Technology, Environmental
Science and Engineering and Management Science and
Engineering.
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Compared with the former three China Discipline
rankings, the discipline rankings of WUT has witnessed
a substantial improvement, with the discipline of Top
2% rising from scratch. Meanwhile, the number of Top
10%—20% disciplines has increased from zero to four,
Top 20%—30% disciplines from four to six. The followings
are the disciplines with remarkable improvements: Mate-
rial Science and Engineering, Mechanical Engineering,
Transportation Engineering, Marxist Theory and Applied
Economics, etc.

Since the merge of three schools in 2000, driven by
the national construction of significant projects such as
«State Project 211» and «985 Innovation Platform for Su-
perior Disciplines», WUT’s discipline of «Material Sci-
ence and Engineering» has witnessed a significant growth
in disciplinary connotations presented in high-level fac-
ulty, scientific researches, cultivation of innovative talents,
and international cooperation communications, etc. The
discipline’s overall strength and level have been boosted in
the past years, ranking rising from No. 22 in 2002 to No. 5
in 2012, and further up to No. 3 in this year. Over the past
70 years, the discipline has cultivated a large number of
high-level talents for our national building materials and
new materials industry with more than 100 significant
scientific and technological achievements. It has make
historic contributions to the development of the national
building materials industry, promoting the Chinese build-
ing materials industry to grow steadily to take the lead in
the world building industries now.

State Key Laboratory of Advanced Technology
for Materials Synthesis and Processing
(Wuhan University of Technology)

The State Key Laboratory of Advanced Technology
for Materials Synthesis and Processing (short for SKL) is
a state key Laboratory in the area of advanced materials
which was funded by the National Planning Commis-
sion and established in Wuhan University of Technology
in 1987. The SKL is under supervision of the administra-
tion of the Ministry of Science and Technology of the
People’s Republic of China. Professor Gu Binglin, an
Academician of Chinese Academy of Sciences, is the di-
rector of the academic committee of SKL and Professor
Zhengyi Fu is the current director of SKL.

SKL aims at the frontiers of world materials science
and major national needs, builds a world-class material
composite and preparation technology platform, and
develops key new materials for the development of na-
tional sophisticated weapons and emerging industries
to support national strategies; SKL produces original
and systematic research results with international in-
fluence in transformative technology and frontier new
materials and their intersecting fields, leading interna-
tional development in the research of a number of stra-
tegic frontier new material; SKL leads in the training
of top-notch innovation talents in world-class disci-
plines of materials science and engineering with out-
standing scientific research, creating an international
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collaborative innovation culture, conducting «strong-
strong» international cooperation research to enhance
the laboratory’s international influence, attractiveness
and cohesion.

Focusing on the overall positioning and goals, SKL
will create and develop multi-component, multi-scale,
multi-level composite principle and material design
theory as important guides to build material gradient
composite technology, in-situ composite technology,
nano-composite technology and integrated innovation
platform as the core support, to study advanced com-
posite materials for advanced weaponry and equip-
ment for defense, efficient energy conversion and
storage materials for new energy technologies, nano-
composite biomaterials for life sciences, information
functional materials for information technology and
transformation-oriented technology. SKL has formed
the following five distinctive research directions: gra-
dient composite technology and new materials, in-situ
composite technology and new materials, nano-com-
posite technologies and new materials, transformative
technologies and cutting-edge new materials, material
composite principles and material design.

SKL employs 103 full time researchers, includ-
ing 1 academician of Chinese Academy of Sciences,
2 academicians of Chinese Academy of Engineering,
1 academician of Belgian Royal Academy of Sciences
and European Academy of Sciences, 1 academician of
World Academy of Ceramics, 12 Distinguished Foreign
Experts, 1 973 Program Chief Scientist, 5 winners for
Outstanding Youth Training Fund, 4 leading talents of
National Ten Thousand People Program, 7 winners for
Pacesetter Engineering in the New Century, 5 Cheung-
Kong Scholars, and 18 winners for the New Century
Excellent Talents Support Plan of the Ministry of Edu-
cation. It is a spirited team of innovation and creation.
SKL encourages young scholars to visit famous interna-
tional universities or research institutes for further im-
provement and cooperation. In recent years, the lab has
sent more than 20 young scholars to engage in studies
and research collaboration abroad.

SKL has accomplished win-win cooperation with
internationally renowned research institutes such as the
University of Michigan, the Japan Aerospace Technol-
ogy Development Agency, the Institute of Mectal Mate-
rials of Tohoku University in Japan, the Material Re-
search Center of the University of Oxford in the United

Contact information
Postal Code: 430070

Kingdom, the Composite Materials Research Center
of the University of California, and the National Insti-
tute of Fuel Cell Research in Canada. Based on SKL,
the Ministry of Science and Technology has established
the International Joint Laboratory for New Materi-
als and Compound Technologies, which is one of the
first batches of 33 international joint laboratories in the
China. The State Administration of Foreign Experts Af-
fairs and the Ministry of Education established the In-
novation and Intelligence Base for Material Composite
new Technology and Advanced Functional Materials
and Advanced Preparation Technology and Applica-
tion Engineering of new Functional Thin Film Materi-
als. SKL has established the WUT — Harvard University
Nano Joint Laboratory, Joint Laboratory of New Energy
Materials and Technology of Wuhan University of Tech-
nology—University of Michigan, Wuhan University of
Technology—University of California, Davis, Multiplex
Multi-scale New Technology Laboratory for Compos-
ite Materials, Wuhan University of Technology—Ox-
ford Advanced Composite Ceramics Laboratory Etc..
Relying on those important international collaborative
research platforms, SKL has undertaken a number inter-
national cooperation projects.

With an area of 25350 m?, SKL possesses the re-
quired equipment for advanced materials synthesis and
processing, material structure analysis, characterization
and performance test, in total value of about 225.38 mil-
lion RMB.

Address: 122 Luoshi Road, Hongshan District, Wuhan, Hubei, P. R. China

Supporting Institution: Wuhan University of Technology
Tel: 86-27-87884448; Fax: 86-27-87879466

E-mail: skiwut@whut.edu.cn
Contacts: Zhao Xiang, Zhou Lihu
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00 YxaHbCKOM yHMBEPCHTETE TEXHOJIOTHiA

XaHbCKWI YHUBEPCUTET TexHOoIoTHii (mamee YYT)

6611 obpasoBaH 27 mag 2000 roma oT OBIBIIETO
YXaHbCKOTO YHHMBEpPCUTETAa TEXHOJIOTHI (OCHOBaH
B 1948 1.), YXaHBbCKOrO YHMBEpPCHUTETAa TPaHCIIOP-
Ta (ocHOBaH B 1946 T.) 1 YXaHBbCKOTO aBTOMOOMJIE-
CTPOUTENIPHOTO TIOJIMTEXHUYECKOTO YHUBEPCUTETA
(ocHoBaH B 1958 1.). YVYT sgBnseTcs OOIHUM W3 BEIy-
IMUX KUATANCKMX YHUBEPCUTETOB, IMOTYMHSIOIINXCS
MuHucTepCcTBY 00pa3oBaHUsI, M OMHUM U3 YHUBEP-
CHUTETOB, BXOISIINX B TOCYTapCTBEHHYIO ITPOrpaMMy
10 CO3IaHWIO YHUBEPCUTETOB MIPOBOTO YPOBHSI C BHI-
COKOITPOheCCHOHATBLHOI IOATOTOBKOM IT0 OCHOBHBIM
crenraabHOCTIM. YYT Takke COBMECTHO KypHpyeT-
cs1 MuHuctepcTBoM 0o0pa3zoBaHUs, MUHUCTEPCTBOM
TpaHCIopTa, locCymapcTBEHHBIM  OKEaHWYCCKUM
ympaBieHneM U locymapCTBEHHBIM VIIpaBJICHHEM
0 HayKe, TeXHOJOTHWSIM M HaIlMOHAJIbHOI Oe3omac-
Hoctu. B mpengpiaymue 70 met YYT BoImycTHi 6ojee
500 000 WHXEHEPOB M TEXHUYECKUX CITEIMAINCTOB,
CTaB, TaKUM 00pa3oM, KPYMHEHIINM YHUBEPCUTETOM
M0 TIOATOTOBKE KaIpOB B TpeX OO0JACTSIX ITPOMBIII-
JICHHOCTU — CTPOMTEIBHBIX MaTepHrajax, TPaHCIIOPTe
¥ aBTOMOOMIIeCTpoeHNH. [ToMIUMO TTOATOTOBKY BEICO-
KoIpoheCCUOHATBHBIX CIICIINAINCTOB IS BBINICYKa-
3aHHBIX 001acTeil mpoMbIlIeHHOCTH, ¥ YT Takxke m0-
CTHUTAeT 3HAYUTENBbHBIX HAYIHBIX M TEXHOJOTHMICCKUX
PE3YIbTATOB.

Ha ocHoBe miurtenbHOro o0ydeHus cTyaeHToB YYT
copMupoBal 00pa30BaTEIBLHYI0 MOACIb C OTINYHU-
TeJIbHBIMU OCOOEHHOCTSIMM: yIIeJisid MHOTO BHUMAHMSI
U CUJI BBICOKOMY Mjiealy pa3BUTUS YUPEKIEHUSI, KOTO-
pblii o6sanas O6bI BCEMUPHBIM YBaXKEHUEM W MpPU3HA-
HUEM, YHUBEPCUTET HECET UACIO0 «TBEPIOCTU B ITUKE,
BCECTOPOHHOCTU B 00pa30BaHUM U PA3BUTUU BBICOKOTO
MacTepCTBa» U CJAEAYET OCHOBHOMY MPUHLMITY: «pa3-
BUTHE CTYIEHTOB — 3TO Hallla CYyIIHOCTb, pa3BUTHE Ha-
yKu — npuoputet». YYT peanusyeT o6pa3oBaTeIbHYIO
KOHLEMLMIO «00eceueHUs TPeBOCXOAHOTO O0yUeHu s,
B3pallliBaHMUSI BHICOKOKBAIM(MUIIMPOBAHHBIX CITCIIN-
aJIUCTOB U CO3JIaHUS PEKpacHoM XXu3Hu». YYT HeceT
OTBETCTBEHHOCTb 3a CO3[aHUE YUpeXXAEHUsI, KOTOPbIi
o0ecneyuT KayecTBeHHOe 00pa3oBaHue C LeJIblo TOI-
TOTOBKU CTYIE€HTOB K XXM3HU C BOCTpeOOBAHHOU Mpo-
deccueil u OTIMYHBIMU HaBBIKAMU.

YHuBepcuter o61anaeT TpeMs OCHOBHBIMU KaMITy-
camu: Madanrman, FOnsuroy n Cayd Jleiik, KoTopble
3aHMMAIOT, B OOILEN CJIOXHOCTH, ILIowanb 267 rek-
TapoB. B HacTosMii MOMEHT 4YHCIEHHOCTb INTaTa
VYT cocraBngeT 5 508 genmoBek, BKiouas 3 282 mraT-
HBIX COWHUIBI IPOhecCcOPCKO-IPernogaBaTeIbcKOTo
cocraBa, | akagemuka Kwuraiickoil akamemMuu Hayk,
3 akamemukoB Kwuralickoil WHXXEHEpHOU aKaJIeMUU,
1 mHOCTpaHHOTrO WieHa Poccuiickoil MHXXEHEpHO! aka-
nemuu, 1 wiena EBporeiickoit akageMun Hayk, 1 4je-
Ha ABCTpPaJMICKON aKaleMuu TEXHOJOTMYECKMX HaykK
1 MHXXEHEPHOTo UcKyccTBa U 1 uieHa MexxnyHapoaHoi
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akameMnu KepaMuku. Kpome Toro, YHUBEpCUTET TIpH-
BIIeK K padote 30 mpodeccopoB ¢ MUPOBOIT M3BECTHO-
CTBIO B KQUECTBE «CTPATETUICCKMX YUCHBIX» B 00J1aCTH
MaTepUaIOBEACHUS W WHXXEHEPHOTO Iejla, MAaIIlHO-
CTpoeHMsI, MH(OOPMAIIMOHHBIX TEXHOJOTHIA, Kopabire-
CTpOeHUsI U MOpcKoro ctpouteibeTBa. B YYT pabotaer
MHOTO aKaIeMIYECKIX COTPYIHUKOB 13 HAIIMOHAIBHOM
TIPOTrpaMMBI TTOMICPKKI BBICOKOKBATM(UIINPOBAHHBIX
KanpoB, 13 Hux 28 BxomaT B IIporpaMmy peKpyTHWHTa
MEXIYHAPOIHBIX BSKCIIEPTOB (TaKKe M3BECTHOM Kak
[IporpamMma ThicsiuM crienuaaucTos), 6 — B IIporpam-
My OECSITH TBICSY CIIeIUanncToB, 14 — B IIporpammy
yuyeHblX Yenr Konr, 7 sBusitoTcs jaypeatamu Hatmo-
HaAJIBHOTO HAyYHOTO (POHIA TSI MOJIOIBIX BBITAIOIITIX-
cs YUCHBIX, 3 BXOOAT B HalmmoHanpHYIO IporpaMMy 3a-
CITy>KeHHBIX Tpenoaasateieii u 11 — B HaunoHanbHbIH
TIPOEKT COTHH, THICSYU U JCCSITU THICSY CIICIIUATICTOB
HOBOTO BeKa.

YHUBEpCUTET BKIIOYAET 24 HaydHBIE IIIKOJIBI, 4 TO-
CyIapCTBEHHBIC KJTIOUEBBIC JabopaTopuu, § rocymap-
CTBEHHBIX KJIIOUEBBIX CIlelMajbHOCTEl, 77 oOpa3oBa-
TEJIbHBIX TIPOTPAMM aCIUPAHTYPBI U ITOKTOPAHTYPHI,
226 mporpaMM MarucTparypsl, a Takxke 90 mporpamMm
Oakamaspuara. B ynusepcurere 54 986 oOydaroimx-
cs1, cpeid KOTOpBIX 36 452 cTymeHTOB OakajiaBpua-
Tta, 17 224 cTymeHTOB MarucTpaTypbl M acITMpaHTOB,
a takke 1 310 MHOCTpaHHBIX CTyIeHTOB. boiee TorO,
MyOJIMKAIIUM TI0 MaTepUAIOBEACHUIO, MHKCHEPHOMY
JIeJly U XUMUU 3aHUMAIOT BepXHue 5% B HayKOMETPU-
yeckoit 6aze MHcTuTyra HayuHoit nHdopmatmu CIIA
(Essential Science Indicators) MexXXayHapOTHOTO peii-
TUHra obJyiacTeii 3HaHUM.

YVT pacnionaraet 34 ”THHOBAIIMOHHBIMU MCCIIEIOBA-
TEIBCKIMU LIEHTPAMH MEXKIYHAPOITHOTO YPOBHSI, BKITIO-
yasg IBE TOCYIApCTBCHHBIC KIIIOUEBEIC JIAOOPATOPHH,
OIHY TOCYIapCTBEHHBIN WHXEHEPHYIO J1ab0opaToOpHIo,
OIWH HAIIMOHAIBHBIN WHXKWHUPWHTOBBIA MCCIICIOBA-
TEIBCKMI IICHTP, a TaKKe JTAOOpAaTOPUM BEIOMCTBCH-
HOTO WM OO0JACTHOTO MOTYMHEHMSI B cdepe HOBBIX
MaTepUaIOB M CTPOUTEIIBHBIX MaTepHajIoB, TpaHCIIOpTa
¥ JIOTUCTHKM, MEXaTPOHUKN W aBTOMOOMJIECTPOCHUSI,
WH(MOPMAIIMOHHBIX TEXHOJIOTHI, HOBBIX BUIOB 3HEp-
TUU, PECYPCOB M TEXHOJIOTMI 3aIIUTHI OKPYXKAaroIeit
Cpenbl, a TaKKe YIPaBIICHMUST OOIIECTBEHHOI Oe3ormac-
HOCTBIO 1 YPe3BBIYaHBIMU CUTYalIusIMI. BMmecTe ¢ TeMm,
YHUBEPCUTET OCHOBaJI OKoJIo 230 mMccaemoBaTeIbCKIX
IEHTPOB COBMECTHO C MYHHIIWITAJGHBIMUA BIIACTSIMU
1 MecTHBIMM Tipennpugatuamu. Haumnasa ¢ 2010 rona,
VYT nonyuni 14 rocymapcTBEHHBIX MMPEMUIA TT0 HayKe
¥ TEXHOJIOTHSIM, 3aHSB TOIOBBIC IMO3UILINHN B PECUATUHTE
KHATAWCKMX BBICIINX YICOHBIX 3aBCICHUIA.

VVT yctaHOBWJI CBSI3U 151 CTYIEHUYECKOro ooMeHa
¥ HayYHBIX MCCIIefOoBaHMIi ¢ 0ojee, yeM 190 mHocTpaH-
HBIMUA YHUBEPCUTETAMH W HAYIYHBIMM WHCTUTYTAMU
n3 CIIA, Bemmkoopurtanum, Anonun, @Dpanumu,

Asctpanuu, Poccum, HunmepmanmoB m ap., a Takxke
npuntacuil 6onee 300 BceMMPHO M3BECTHBIX HCCIIE-
IoBaTesicii B KaUeCTBE CTPATETUUCCKUX YUCHBIX, TIPH-
[JIAIIEHHBIX U MOYeTHBIX Tpodeccopon. C 2007 roma
YVYT moxydmt ipaBo OCHOBATh B BEAYIINX KUTAUCKIX
VHUBEPCUTETaX 5 0a30BBIX IEHTPOB BHEAPCHUSI MHO-
CTpPaHHBIX MPO(eCCHOHATBHBIX HAIIPaBJICHU B Clle-
IYIOIIUX O0JIACTSIX: MEPCIIEKTUBHBIC TEXHOJIOTUM IIJIST
CHHTe3a W 00pabOTKM MaTepuajioB, IEPCICKTUBHBIC
TEXHOJIOTUU [JISI BBICOKOIIPOM3BOMUTEIBLHBIX KOpa-
0J1eit, mepCIeKTUBHBIC TEXHOJIOTUM MIJI TTIPOM3BOICTBA
(GYHKIIMOHANIBHBIX TJICHOYHBIX MAaTEPUAJIOB U €T0 UC-
TIOJIb30BaHNEC B WHXKCHEPUM, KITIOUEBBIC TEXHOJIOTUM
IIJIST TPAHCTIOPTHBIX CPEACTB C MCITOJIB30BAaHMEM allb-
TEPHATUBHBIX BUOOB SHEPTUU W 3KOJOTMIHBIX CTPO-
WUTEJTBHBIX MaTepuaaoB. KpoMe Toro, yHUBepCUTETOM
OBUIM OCHOBaHBI: MeXIyHapoaHasT COBMECTHAsI Jia-
OopaTopusl TIePCIIEKTUBHBIX TEXHOJIOTUN UIST CHHTE3a
1 00paboTKM MaTepuanos, baza MexxayHapomHOro Ha-
YYHO-TEXHUIECKOTO COTPYIHUYECCTBA B OOJIACTH KO-
JIOTUIHBIX CTPOMTEIBHBIX MaTepuaioB, baza mexmy-
HApOTHOTO HAYYHO-TEXHMYECKOTO COTPYTHHYECTBA
B 00JJaCTM WHTEIICKTYaJIbHOTO KOpabJIeCTpOCHUS
n mopckoit 6esonacHoctr. C 2009 roma YYT cosnman
14 MexXIyHapOTHBIX COBMECTHBIX MCCJICIOBATEIBCKIX
LIEHTPOB ¢ MEXIYHAPOIHO MPU3HAHHBIMU MHCTUTYTA-
mu 3 CIIA, Benmmkooputanum, Utanum nu Hunepnan-
OB, BKJIIOYAs KITIOUYEBYIO JIAOOPATOPHIO TEXHOJIOTHIA
HOBBIX 3HEPTOHOCHUTENIE M KOHBEpPCUU (COBMeECT-
HO ¢ MWYWTAaHCKMM YHHMBEpCUTEeTOM). B 3TOM ImIa-
HE C HUM aKTMBHO coTpymHmYaau CayTTeMOTOHCKUA
VHUBEPCUTET, LIEHTP TEXHOJIOTUI BHICOKOIIPON3BOIN-
TEJIbHBIX Kopabireii, a Takxke COBMECTHBIN MCCIIeI0Ba-
TEJIbCKUI LIEHTP MHTEIUICKTYaJIbHOTO KOopabjecTpoe-
HUS U OBIDKeHUS (BMecTe ¢ JdendTcKM TeXHUTIeCKIM
yHuBepcutetoM). B 2016 romy B mapTHepcTBe ¢ YHU-
BepcuteToM Yanbe Tpunutu Ceitnr JI3Bun (Bemmnko-
oputanmst) B CyoHCH OBIT OCHOBAH MEXIYHAPOIHBIN
UWTSD VYxaubckunii Jlurour Kosnemx.

B 2017 YuwuBepcuTeT BolIeJ B TaKWe PEUTUHTH,
kak Times Higher Education World University Rankings,
0S Asia University Rankings, U.S.News Best Global
Universities Rankings and Shanghai Ranking’s Academic
Ranking of World Universities.

0030p AeATEIHLHOCTH
MeKayHApOIHOM MIKOJIbI MATEPUAIOBEAEHUS
1 HHXKEHEPHOTO0 JeJia

B cBs3u ¢ OonblIoit HEOOXOOAUMOCTBIO pedOpMBbI
HaIlMOHAJIBHOM CHCTEMBI BBHICIIIETO OOpa3OBaHWUS, Ie-
SITEIPHOCTE MeXIyHapOMTHOM IIKOJBI MaTepHaioBe-
IeHUs 1 WHXeHepHoro aena (magee MIIMuM/) YVT
HaIlpaBJicHa Ha CO3IaHue TIEPBOKIACCHOM MHHOBAIIN-
OHHOM TUTOIIAAKM IIJISI TTOATOTOBKY BBEICOKOKBATM(H-
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IIMPOBAHHBIX KAAPOB 1 MHHOBAIIMOHHOTO TIEHTPA 3Ha-
HUI MaTepuaJoBeIeHNUSI M WHXEHEPHOTO Jiea.

YVYT — onuH U3 BeoylUX KUTAUCKUX YHUBEPCUTE-
TOB TION yrmpaBiieHneM MUHHCTepCTBA 00pa3oBaHUS
¥ OIMH U3 YHUBEPCUTETOB, NMPUOPUTETHO MOCTPOCH-
HOTO B paMKax TOCyZapCTBEHHOTO TIpoeKTa «State 211
Project» 1151 KUTallCKMX BBICILIMX YYEOHBIX 3aBEICHUIA.

C 1996 roma YYT peanusoBajl U3MEHEHUSI B CH-
cTeMe TOATOTOBKM KaJpoB TIyTeM TMPOBEICHUS TH-
JIOTHBIX 3aHSTUM, BKIIOYAsT MEXIYHApOIHBIE TIPO-
TPaMMBI, TIPOTPAMMBbI MaTUCTPATYPhl U ACTTUPAHTYPHI.
MIIIMuW/I 66uta ocHoBaHa B ampesnie 2014 roga u yt-
BepxkreHa [lermapTaMeHTOM 0Opa3oBaHUST MPOBUHIIAN
Xy0sii. B utore 2015 roma MILIMuM/I 6n11a BHECeHA
B nepeueHb «CeTr MeXITyHapOIHBIX 00pa30BaTETbHBIX
IIEHTPOB», TOIIEPXKUBaeMbIii MUHUCTEPCTBOM 0O0Opa-
3oBaHusi KHP 1 MuHMCTEpCTBOM MeEXAyHApOAHOIO
corpynHuuectBa. HearensHocts MIIIMuM/l mocBs-
meHa pa3paboTKe 3HaHUI B 00JIaCT MaTepuajoBee-
HUST M UTHXXEHEPHOTO JIeJia 3a CYeT ONITUMU3AIUHY BBICO-
KOYPOBHEBBIX WCCJIEIOBAHUI U TIPETOAaBATEIbCKOTO
COCTaBa, a TakK¥kKe OCHOBAHWIO MHHOBAIITMOHHOW CHCTE-
MBI TIOITOTOBKY CTIEIIUATTMCTOB C LIETbIO Pa3BUTHUS WH-
JTYCTPUU MaTepUaIOB KaK TEXHOJOTUIECKON TiaTdop-
MBI ¥ Ky3HUIIBI KaJIpOB.

Crneumuansaocth YYT «MaTepuanioseneHnne
¥ HHXKEHEPHOoe J1eJI0» BOIILIA B TONOBbIE 2%
B YeTBEPTOM peiiThHre cnenuaiabHocTeil Kuras

LleHTp pa3BUTHST KUTAICKOTO aKaleMUUECKOTO 00-
pa30BaHUsI HEMABHO OOBSIBUI PE3YJIbTaThl YETBEPTOTO
peiTHra crnenuaibHocTel Kwutas: crenmambHOCTh
VYT «MarepuanoBeneHre 1 MHXEHEPHOE IEJI0» 3aHSI -
JIa caMBIi BEICOKUI YPOBEHb — YpoBeHBb A+ (3 yHUBEp-
CUTETa 3aHUMAIOT 3TOT YPOBEHb, 006pa3ys TormoBbie 2%
B Kurae).

Cpenu olLEHMBAaeMBbIX CIielMaibHOCTE — 4 cre-
nranbHocTH YYT (MalmmmHOCTpOEHUWE, TPAHCIIOPTHAS
WHXEHepusl, NW3aliH W TEeOpus] MapKCU3Ma) 3aHsUIU
ypoBeHb B+ (10—20% BepXHUX MO3UIMN pPEUTUH-
ra) u 6 crelMaJbHOCTEN PACTONOXWINCh Ha YPOBHE
B (20—30% BepxHMX MO3UIMI PEUTUHTA), a 3TO: TIPH-
KJIagHass 9KOHOMMKA, TPaXIAHCKOE CTPOUTETHCTBO,
MHOOPMAIIMOHHBIE 1 KOMMYHUKAIIMOHHBIE TEXHOJIO-
TWU, TEOpUsI BEIUUCIUTEIHHBIX MAIIMH U CUCTEM, 3a-
IIMTa OKPYXKAIOMIeH Cpeabl U WHXEHEPHOE N0, Me-
HEDKMEHT U MHXXEHEPHOE NEJO.

[Mo cpaBHEeHWIO C OBIBIIMMU TpeMsi PEeUTUHTAMU
crienanbHocTell B Kutae mosnnuu YYT 3HaunTebHO
YAYUIIWIACH, TTOMHSBIIUCH MO BEPXHUX 2% MpakTh-
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YecKH ¢ HyJis. BMecTe ¢ TeM, YUCIIo crieluaibHOCTEH,
3aHuMarommx BepxHue 10—20% cTpodek, BBIPOCIO
¢ 0 1o 4, u3 20—30% BepxHux crpouek — ¢ 4 10 6. Takue
CITEIMATbHOCTHU, KaK MaTepUaoBeeHUEe U UHXKEHep-
HOE JIeJI0, MaIlIMHOCTPOCHUE, TPAHCTIOPTHAST MHXKEHE-
pusi, TEOpUSl MapKCcuU3Ma U TMPUKIIAJAHAS KOHOMMKA,
MOKa3aJIi 3aMETHBIC Pe3yJTbTATHI.

B cBs3u ¢ Tem, uro B 2000 romy MOSBUINCH TPU
IIIKOJIBI B paMKaX peain3aliiy TOCyTapCTBEHHBIX KPYTI-
HOMACIITaOHBIX TTPOEKTOB, TAKUX Kak «['ocymapcTBeH-
HbI TIpoekT 21 1» 1 «985 UHHoBanmonHas raTdhopma
JUTSL BBICIIMX CITEIIMATbHOCTE», 3HAYMMOCTh CITCIIN-
aTbHOCTU «MartepuajioBeeHuEe U UHXKEHEPHOE NEJI0»
B paMKax (hakyiabTeTa, HayYHBIX U3bICKAHMIA, MTOATO-
TOBKM WHHOBAallMOHHBIX KaIpoB M MEXIyHAPOTHOTO
COTPYIHMYECTBA 3HAYMTEIBHO BBIPOCIIA. 32 ITOCIICTHIE
HECKOJIbKO JIET BAXKHOCTD CITEIIUATbHOCTH U €€ YPOBEHb
OBUIM pacIIMpeHbl, TIOTHSB ee ¢ 22 MecTa B peHTUHTE
B 2002 romy mo 5 mecta B 2012 1 mo 3 MecTa B TeKyIIeM
romay. 3a 70 ieT 0GyJeHHUsI 110 3TO CIeUaTbHOCTH ST
CTpaHbl OBUIM TOATOTOBJIEHBI BBICOKOKBAIUMUIIUPO-
BaHHbBIC Kalphl JUISI CTPOUTEILCTBA U WHIYCTPUU TTPO-
WM3BOJCTBA CTPOUTENIHBIX MaTepUalioB U TOJTYyYSHBI
6onee 100 HAy9IHO-TEXHUYECKUX NOCTUKeHM. Bee 310
CTaJI0 UICTOPUYECKUM BKJIAZIOM B pa3BUTHE HAITMOHAITb-
HOW WHIYCTPUM CTpoiMaTepuasioB, obecrieuynBast ee
CTAOWJTBHBIN POCT JUTSL 3aHSITUSI BEAYIIETO TIOJIOKESHUST
B MUPOBOM ITPOM3BOJICTBE CTPOUTETBHBIX MATEPUATIOB.

TocynapcTBeHHas KiloyeBasi JadopaTopusi
NEePCNEKTUBHBIX TEeXHOJIOTHI CUHTE3a
1 00padOTKH MaTepHaJIOB

T'ocynapcTBeHHast KJiouyeBas Jjaboparopus Iep-
CIEKTUBHBIX TEXHOJOTMU CUHTE3a U 00paboOTKU Ma-
tepuanoB (Kpatko I'KJI) — »3To rocymapcTBeHHas
JlabopaTopusi B 00J1aCTU MEPEIOBBIX MaTepUalioB, OC-
HoBaHHas1 ['ocynapcTBEHHBIM MJIAHOBBIM KOMHUTETOM
B YVYT B 1987 r. I'KJI HaxomuTcs 1o pyKOBOICTBOM
MunucrtepctBa Hayku U TexHosnoruit KHP. B Hacto-
S MoMeHT HaydyHbli KomuteT I'KJI BosriasisieT
yieH Kuratickoit akanemuu Hayk ripocdeccop I'y bun-
e 1 HetHemHui qupekTop 'KJI mpodeccop Doy
JIKeHbI'U.

HesitenbHoctb I'KJI HampaBiieHa Ha mepeaoBbIe 10-
CTUXXEHUS B MaTepUaJIOBEIEHUN 1 BBIIOJHEHUE TOCY-
JIapCTBEHHbIX 3aKa30B B 310l oonactu. B I'KJI 3anuma-
JOTCSI CO3TaHUEM BBICOKOKAYECTBEHHBIX KOMIIO3UTHBIX
MaTepuaJioB M pa3pabOTKON CTpaTerMuyeCKU BaKHBIX
MaTepuaJioB C LIeJIbI0 MX HMCIOJIb30BaHUS B HALMO-
HaJbHOW cHUCTeMe OOOpPOHbI U PAa3BUBAIOIIMXCSI MPO-
MBIIUIEHHOCTSIX 111 o0ecTieyeHs TOJUTUKU rocyaap-
ctBa; I'KJI mpoBoouT HecTaHmAPTHBIC M CUCTEMHBIC
HCCIIEIOBAaHNS MHPOBOTO OMBITA B TpaHC(HOPMATHUB-
HBIX TEXHOJIOTUSIX U HOBEUIIMX MAaTepuaoB, a TakxKe
B MEXAVMCUUITIMHAPHBIX 001aCTSIX, BBITTOJHSISI MEXTY-
HapoJIHble Pa3pabOTKU HEKOTOPBIX KIIOUEBbIX HOBEW-
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mux marepuanon; ['KJI sBasercs Benyieit 1abopato-
pueil IO TIOATOTOBKE BBICOKOKBAIM(DUIIMPOBAHHBIX
CMELMATUCTOB MO0 MaTepUATOBEAYECKUM CIEeLMaTIbHO-
CTSIM U UHXXKEHEPHOMY JIeJly C HAyYHBIMU U3bICKAHUSI -
mu. I'KJI pa3zBuBaeT MexXnyHapoaHYIO KyJIbTypy UHHO-
BallMOHHOTO COTPYIHUYECTBA, MPOBOJIS COBMECTHbIE
MEXTOCYIapCTBEHHbIE HCCJENOBaHUS sl paclIupe-
HUS COTPYIHUYECTBA C APYTMMU CTpaHaMU, BIMUSTHMS
OTEYECTBEHHOI KYJbTYPbl M €€ MPUBJIEKATEIbHOCTHU
B MUpe.

Doxycupysich Ha 00ImMX Herax u 3agadax, ' KJI cos-
JlaeT U pa3pabaTbIBa€T MHOTOKOMIIOHEHTHYIO, pa3HO-
MaclTabHyI0 U MHOTOYPOBHEBYIO TEOPHUIO MPOEKTUPO-
BaHUs MaTeprajioB. OHa CTaHET BasKHBIM PYKOBOICTBOM
IJ1s1 pa3paboOTKX TEXHOJOTMU TPAAMEHTHBIX KOMITO3UT-
HBIX MaTepUaoB, TEXHOJIOTUM KOMIO3UTHBIX COOPHBIX
MaTepuajioB, TEXHOJOTMM HAHOKOMIO3UTOB U WHTE-
TPUPOBAHHOI MHHOBAIITMOHHOM TIIaT(OPMBI B KAUECTBE
1aBHOM omopbl. OHa TaKKe ITO3BOJIUT M3yJaTh Iep-
CMEKTUBHbIE KOMITO3UTHbBIE MaTEPUAIbI 1JIs1 YIYJILIEHUS
BOEHHOTO OCHAILIEHUS 1 BOOPYKEHUSI, MaTepUaJIbl, CIIO-
COOCTBYIOIIME PALlMOHATILHOMY MCITOJb30BAHUIO SHEP-
TEeTMYECKUX PECYPCOB TSI HOBBIX 3HEProdh(MeKTUBHEBIX
TEXHOJIOTMIA, HAHOKOMITO3UTHbIE OMOMaTepuabl st
MEIUKO-OMOJIOTMUECKIX HayK, (PYHKIMOHAIBHBIC Ma-
TepHUabl I THOOPMAIIMOHHBIX TeXHOJIOTHUIT U TpaHC-
(hopManmmoHHO-OpMEHTUPOBAaHHBIX TexHOMormit. ['KJI
OorpeAeawy 5 HaydyHbIX HaMpaBlIeHUN UCCIeOOBAHMIA:
rpaileHTHbIE KOMMO3UIIMOHHbBIE TEXHOJOTUU U HOBbBIE
MaTepuaibl, TEXHOJIOTUM KOMITO3UTHBIX COOPHBIX Ma-
T€pUaJoB, HAHOKOMIIO3UTHbBIE TEXHOJOTUM W HOBbIE
MaTepuaibl, MpeodpasyolIe TEXHOJIOTUM 1 TIEPEIOBbIE
MaTepuaibl, MPOEKTUPOBAHWE MATEPUATIOB U OCHOBBI
KOMIO3UTHBIX MaTEpPUAJIOB.

B I'KJI pa6oTatot 103 mTaTHBIX HAYYHBIX COTPYITHU -
Ka, |1 akamemmk Kwuraiickoif akameMnu HayK, 2 akazie-
muka Kuraiickoit ”HXeHEepHOM akaneMuu, 1 akageMuK
benbruiickoit KopoaeBckoil akagemun HaykK u EBpo-
MnecKol akanemMuu Hayk, 1 akamemMuk MexmyHapom-
HOT aKameMn KepaMUKH, 12 TOYeTHBIX MHOCTPAHHBIX
9KCIepTOB, 1973 HayIHBIX PYKOBOIMTEIICH ITPOTpaMM,
5 cruneannaToB MoHma IOATOTOBKU TaIAHTIMBOM
MoJofexu, 4 Beaynux crienranicra u3 Hanmonans-
HOH TIpOrpaMMBbI IECSITU THICSY CIICIIUATINCTOB, 7 TI0-
oenuteneil npemuun Pacesetter Engineering in the New
Century, 5 cturtenauaroB npemMun Yenr Konr u 18 no-
oenuteneil Ilpoekta nomaep>KKU BbICOKOKIACCHBIX

KoHTaKkTHasa

nudopmauus Postal Code: 430070

CHELMaJICTOB HOBOTO BekKa MuHMcTepcTBa 00pas3o-
BaHMS. DTO KOMAaHIa, BIOXHOBIICHHAs WHHOBAIIMSI-
MU U co3uaaresbHbiM npoueccoMm. I'KJI MoTuBupyert
MOJIOJBIX YYEHBIX MOCEIIaTh 3HAMEHMTBbIE MeXXAyHa-
pPOIHbIE YHUBEPCUTETbl WM MUCCIEI0BATEIbLCKHIE WH-
CTUTYTbl B LI€JISIX YCTAHOBJIEHUSI COTPYIHMYECTBA.
3a mocemHee BpeMs J1TabopaTopus OTIIpaBMjIa Oojee
20 MOJIOIBIX CTICIIMAIMICTOB IUISI Y4ACTHSI B COBMECTHBIX
KUCCIEA0BAHUSIX 3a TPAHULLY.

I'KJI ycTaHOBWJIO B3aMMOBBITOIHOE COTPYIHUYE-
CTBO CO BCEMHUPHO M3BECTHBIMM HAYYHBIMU WHCTU-
TyTaMu: MMUYUTAaHCKUM YHUBEpPCUTETOM, SATMOHCKUM
areHTCTBOM aBUAKOCMUYECKUX TexHosioruii, MHCTUTY-
TOM MeTaJljIoB yHUBepcutTeTa Toxoky B Amnonun, LleH-
TpoM MaTepranoBeneHIsT OKChOPICKOTO YHHBEPCUTETA
B BenmkoOpuranuu, HaydHbIM LIEHTPOM KOMITO3UTHBIX
matepuanioB KanmugopHuiickoro ynuepcurera u Ha-
LIMOHAJIbHBIM WHCTUTYTOM MCCJIETOBAHUS TOILJIMBHBIX
anemeHToB B Kanane. Ha ocHose I'KJI MunucrepcTBo
HayKM W TEXHOJIOTMII OCHOBaJl MeXXIyHapOmTHYIO Jia-
0OpaTOpHI0 HOBBIX MATEPUATIOB M KOMIUIEKCHBIX TeX-
HOJIOTUIA, KOTOpasl cTaja OJHUM W3 TEepBbIX (hUiIMa-
JI0B 13 33 MEXXIyHapOITHBIX COBMECTHBIX JJadOpaTopuii
B Kurae. PykoBomctBo MuHUCTEpPCTBA MEXXIYHAPOII-
HOTO COTpyaHUYecTBAa 1 MHUHHCTEpCTBA O0Opa30oBaHMUS
yupeauan basy nHHOBaLMA U 3HAHUWIA JISI HOBBIX TEX-
HOJIOTUIA CO3AaHMST KOMITO3UTHBIX MAaTEPUAJIOB U yJIyd-
IIEHHBbIX (DYHKIIMOHAJIBHBIX MAaTepUaJIOB, a TaKXKe IS
YCOBEPILIEHCTBOBAHHOW  TEXHOJIOTMU  TTPOM3BONICTBA
U pa3pabOTKU MHXKEHEPHBIX PEIIeHUH HOBBIX (DYyHK-
LIMOHAJIBHBIX TOHKUX TUIEHOYHBbIX Marepuajion. ['KJI
OCHOBaJI COBMECTHYIO HaHoJlabopaTopuio mexnay YYT
u ['apBapacKMM YHUBEPCUTETOM, COBMECTHYIO Jlabopa-
TOPHIO HOBBIX YHEPTOHOCUTENIEN 1 TEXHOJOTUN MEXIy
VVT u MuuyuraHcKuM yHUBEPCUTETOM, KOMIUIEKCHYIO
J1abopaToOpUIO pa3HOMACIITAOHBIX TEXHOJIOTUI KOMIIO-
3ULIMOHHBIX MatepuaioB Mexny YYT u JlabopaTopu-
el yIIy4IIeHHOW KOMIO3UTHOM KepamMuku Oxcdopra.
Ommpasich Ha yKa3aHHBIC MEXXIyHapOTHBIC MCCIIeI0BA-
tenabckue Tomanku, I'KJI npuHsiio yyactue B 1iey10i
CEpUU COBMECTHBIX MEXIYHAPOAHBIX IIPOEKTOB.

Ha mmmomagm 25 350 k.M. I'KJI pacmonoxeHo He-
obxoaumoe 00opynoBaHUE IJII CUHTE3a U 00pabOTKU
VJIYUIIEHHBIX MAaTepUaJoB U i1 MPOBEACHUS CTPYK-
TYpPHOIO aHaJiu3a MaTepuanoB, UCHBITAHUN UX 2KC-
TUIyaTallMOHHBIX XapaKTEPUCTUK OOIIEN CTOMMOCTBIO
0KoJIO 22 538 MJTH 10aHEH.

Address: 122 Luoshi Road, Hongshan District, Wuhan, Hubei, P. R. China

Supporting Institution: Wuhan University of Technology
Tel: 86-27-87884448; Fax: 86-27-87879466

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua
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The effects of low curing temperature on the properties
of cement mortars containing nanosilica
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Abstract: This study presents the experimental results on the effects of curing temperature and nanosilica, on the compressive
strength and absorbing properties of cement mortars. Two groups of mortars were prepared, with the first containing reference
samples. The second group was modified with a nanosilica admixture by 3% of the weight of cement. The mortar specimens were
cured in 20°C, 10°C and 5°C constant temperature environments. Compressive strength after 12 h, 1, 2, 7 and 28 days, water absorp-
tion and capillary porosity were evaluated on a 40x40x40 mm prism. The results confirmed that a low curing temperature delays
strength development in the early days of hydration and slows down the strength growth rate of mortars, with an increase in age.
The incorporation of nanosilica has a positive effect in improving the mechanical properties of cement mortars cured at low tem-
peratures. Additionally, nanosilica contributes to decreasing the porosity of the cement matrix, so that transport properties, such
as open porosity and sorptivity, improve under all curing conditions.
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BnvAaHne HU3KNX TeMnepaTyp BbiAepKNBaHUA
Ha CBOMCTBA LIeMEHTHbIX PacTBOpPOB,
coaepKalmx HAHOKpeMHe3eMmM

Aemopebl:
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Pe3tome: B nccnepoBaHny npeAcTaBieHbl pe3ynbTaTbhl SKCMNepuUMeHTa Nno onpeAeneHunio BINAHMA TeMnepaTypbl BblAepK1BaHNA
1 HAHOKpPeMHe3eMa Ha KOMMPEeCCUOHHYIO0 MPOYHOCTb M Ha BMNUTbIBalOLME CBOMCTBA LLEMEHTHbIX PacTBOPOB. bbinv nogrotoBneHsbl
[Be rpynrbl PacTBOPOB, C KOHTPOJbHbIMK 06pa3Lamu B NepBoil. BTropas rpynna 6bina mogudrLmpoBaHa 106aBKo HAHOKpeMHe-
3ema B KonnyecTtse 3% OT Macchl LemeHTa. O6pasLbl pacTBOPOB BblgepKmBanmcb npu Temnepatype 20°C, 10°C 1 5°C. MpoyHOCTb
Ha CKaTume nocsie 12 yacos, 1, 2, 7 1 28 fHell, BOQOMOITOLEHEe U KanuisipHas NopUCTOCTb onpefensnach Ha 6anouke 40x40x40
MM. Pe3ynbTaTtbl NOATBEPANAN, YTO HU3KME TeMMepaTypbl BblAEPKMBAHNA 3a4ePXKMBa0T HapacTaHNe MPOYHOCTN Ha PaHHMX CTaAMNAX
rvapaTaummv n 3ameanaiT CKOPOCTb TBEPAEHUA B pacTBOPaXx C yBeNMyeHemM CpOoKa BbiiepK1BaHUA. BBegeHre HaHOKpeMHe3sema
CMOCOOCTBYET YNyULIEHVIO MEXaHUYECKUX CBOCTB LIEMEHTHbIX PaCTBOPOB, BblAepXaHHbIX NMpv HU3KMX TeMnepaTtypax. bonee Toro,
HaHOKpeMHe3eM NO3BONAET CHU3UTb NOPUCTOCTb LLleMEeHTHOM MaTpuLbl TaK, YTO MePeHOCHble CBONCTBA — OTKPbITas NOPUCTOCTb
1 COpOULIMOHHAA CMOCOBHOCTb — YNYULIAIOTCA NPU BCEX YCNTOBUAX BbIAEPKUBAHNS.

Knroyeevle crioea: xonofgHasa norofa, TemMnepartypa BblAePKNBaHNA, HAHOKpPEMHE3EM, LLEMEHTHbIE PACTBOPbI.

Ana yumupoeanus: KatapxuvHa C., PyurHcka T. BiusiHie HU3KMX TemnepaTyp BblAepKMBaHUsA Ha CBONCTBA LIEMEHTHbIX PAaCcTBO-
pOB, cofiepKaLlyx HaHOKpeMHe3eM // HaHoTexHonorum B ctpoutenbetae. — 2019. — Tom 11, N2 5. - C. 536-544. - DOI: 10.15828/2075-
8545-2019-11-5-536-544.
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1. INTRODUCTION

n general, the properties of mortars and concretes are

determined under controlled laboratory conditions,
where the curing temperature is usually fixed at around
20°C. In practice, buildings around the world are built
in various conditions with temperatures ranging from
the negative to very high ones. Dynamic developments
in the construction industry and the implementation
of modern reinforced concrete structures, requires the use
of advanced concreting technologies. During concreting at
negative temperatures it is important to protect the fresh
concrete mix from freezing, so that chemical reactions
between cement and water, which have a decisive impact
on the strength of the concrete, can take place. According
to the American Concrete Institute [1] cold weather is
defined as a period when the average daily air temperature
drops below 5°C for more than three successive days and
stays below 10°C for more than one-half of any 24 hour
period. Cold weather conditions can have adverse effects
on the construction process and the construction elements
must therefore be properly secured. As such, compliance
with cold weather requirements is recommended. Cold
weather can affect masonry, mortar, grout during con-
struction and reinforced concrete constructions. Properly
designed construction elements must be resistant to low
temperatures during periods of cold weather. Concrete
mix hardening tests have shown that at temperatures below
100C, concrete setting slows down rapidly. When the tem-
perature drops to 0°C, the hydration process practically
disappears [2]. Water subjected to temperature changes,
reaches its maximum density at 4°C, with the fastest de-
crease in density being observed when the physical state
changes at 0°C [3]. When concrete freezes prior to set-
ting, the mixing water contained within also freezes, thus
increasing volume. The result is a a lack in the necessary
water for the hydration process, thus delaying hydration;
moreover, additional pores are formed after thawing. When
concrete freezes during the setting process, the resulting ice
crystals destroy new leaven bonds. Furthermore, the freez-
ing of concrete after hardening and setting damages its
microstructure, as a result of an increase in the volume
of free water. An increase in temperature affects the hydra-
tion process by increasing reaction rates, thus resulting in
higher early concrete strength. However, excessively ac-
celerated hydration can result in the formation of a more
porous microstructure, which can in turn negatively affect
long-term strength [2]. It has been shown that there is an
optimal temperature of 13°C, at which maximum strength
can be achieved for a given concrete age [4].

To improve the properties of concrete and mortars in
cold weather, various additives and admixtures are used.
Recently, nanomaterials have received significant atten-
tion from researchers and industry, in regard to their po-
tential as concrete admixtures [5]. This is evidenced by

the rapid increase in the amount of patents as well as by
the availability of the first commercial products using this
technology [6, 7]. Among nanomaterials, nanosilica has
gathered particular attention. Silica nanoparticles (NS)
have a very small size;the minimum grain size of concrete
components is respectively: sand — 1 500 000 nm, quartz
flour — 30 000 nm, silica dust — m 150 nm, precipitated
silica — 50 nm, nanosilica — 5 nm [8]. Due to its much
smaller size in relation to cement grains, nanoparticles
are the “filler” created in the process of the hydration
of voids. Nanosilica fills the pores between the calcium-
silicate-hydrate (C—S—H) gel particles, thickens micro-
structure and thus improves the mechanical properties
of the structure formed [9, 10]. Silica nanoparticles also
exhibit pozzolanic properties; after the incorporation
of pozzolanic material in concrete or mortar, the total cal-
cium hydroxide (CH) content decreases, with additional
amounts of hydrated calcium silicates being formed in its
place. As a result, the structure of the hardened material
becomes more compact, leading to increased strength
and durability [2]. Studies have showed that the addi-
tion of nanosilica particles to cement paste improves
the composite cement microstructure [11]. In addition,
NS exhibits a nucleating effect, which significantly ac-
celerates the hydration process of cement [12]. It has been
reported that even small dosages of NS can noticeably
affect cement hydration [13]. Nanosilica has the largest
specific surface at the smallest particle size [14] and small
NS nanoparticles considerably reduce the flow ability
of the cementitious matrix [15]. Studies on the viscosity
of cement paste and mortar containing nanosilica, have
proven that more water is required to maintain work-
ability at a constant level [16]. Exceeding the NS content
in a cement mixture can lead to undesired composite
compaction and the creation of NS agglomerations, thus
leading to a deterioration in the mechanical and durabi-
lity performance of a composite. The effects of NS on
the performance of cement-based composites has already
been reviewed extensively [17, 18].

Up to date and extensive research has been undertaken
in regard to the effect of nanosilica on the freeze-thaw re-
sistance of specimens [19, 20]. However, these measure-
ments were performed on specimens cured in standardized
curing conditions. Additionally, while many researchers
have studied the effects of elevated curing temperatures
on the properties of composites containing nanosilica
[21, 22], the effects of low temperature curing on the me-
chanical and durability properties of NS-modified remain
overlooked. This work is therefore aimed at characterizing
the effects of low curing temperatures on the strength devel-
opment and transport properties of cement mortars. In this
study, plain (control) and NS-modified specimens were
cured at the low temperatures of 5°C and 10°C, with their
properties compared with a specimen cured in standardized
laboratory conditions of 20°C.
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2. MAIN PART
MATERIALS AND METHODS
2.1 Materials

The cement mortars were prepared using rapidly
hardening Portland cement — CEM 1 42.5R (conform-
ing EN 197-1), standardized ISO quartz sand (EN 196-1)
with particle size < 2 mm and tap water. Nanosilica (NS)
suspension containing 50 wt% of solid mass was also used,
where the liquid phase of nanosilica suspension was used
as a part of the mixing water. A scanning electron micro-
scope (SEM) micrograph of the NS used is presented in
Figure 1.

Fig. 1. SEM micrograph of nanosilica

2.2 Mixture composition and mortar preparation

Two groups of mortars were prepared: plain cement
mortar (C) and NS-modified cement mortar contain-
ing 3% of NS admixture, by weight of cement. Cement
mortars were prepared according to EN 197-1, with
a cement:water:aggregate mass ratio equal to 1:0.5:3. The
amount of mixing water was proportionally reduced to
the amount of water contained in the nanosilica suspen-
sion. The mixture compositions are presented in the table
below:

Table.
Mixture compositions

Components Sample designation
content C NS
Cement 450 450
ISO sand 1350 1350
Water 2] 225 21,5

Nanosilica - 27

The specimens were prepared conforming to PN-EN
196-1, with the use of a standardized automatic mortar
mixer. After mixing, molds were poured with fresh mor-
tar and mechanically compacted. After being formed,
the mortar specimens were cured in 20°C, 10°C and 5°C
constant temperature environments. To obtain low tem-
perature (5°C and 10°C) CHL2 and POL-EKO laboratory
refrigerators were used. The temperature of 20°C was set in
the climate chamber. The samples were named as follows:
C5, C10, C20 for the control samples and NS5, NS10,
NS20, for the samples with nanosilica. The digit next to
the specimen name indicates the curing temperature.

2.3 Test methods

The samples were divided into 3 groups and kept at
the appropriate temperatures of 20°C, 10°C and 5°C, forup
to 28 days of curing. Compressive strength was determined
with 40X40x40 mm? cubes after 12 h, 1, 2, 7 and 28 days
of curing, according to PN-EN 1015-11. Three cubes were
used for each testing time, with the average being taken.
Water absorption was determined after 28 days of curing
on 3 40x40%160 mm? prisms, according to ISO 52617.
Water absorption by partial immersion was determined by
measuring the change in mass of the sample, the bottom
of which had been in contact with water for a certain pe-
riod of time. After 28 days the samples were removed from
the refrigerators and aged for two weeks in natural condi-
tions (20°C%2°C with relative humidity RH = 50£5%).
The samples were then wrapped with transparent tape and
put in a box with water; mass was measured after 20 min,
1h,2h,4h, 8 hand 24 h. Capillary porosity was deter-
mined using the water displacement method. To determine
the dry mass, three samples of each case were oven-dried
at 105°C until reaching a constant mass.

3. RESULTS
3.1 Compressive strength

Figure 2 present compressive strength after 12 h and
1,2, 7, 28 days of curing. The strength growth rate of the
mortars slowed down with an increase in age, because
of the decrease in curing temperature. The curve inclina-
tion angle, in relation to the axis, is lower at lower tem-
peratures. Compressive strength in the period from 7 to
28 days increased by only 1.5 MPa, 4.9 MPa and 5.9 MPa
for the control (C) samples, after curing at 5°C, 10°C and
20°C, respectively. A comparable trend was observed with
the NS specimens.

It can be seen that from the beginning of the hydra-
tion process, specimens containing NS exhibited a higher
compressive strength than the corresponding reference
specimens. At an age of 1 d, the strength of the refer-
ence mortars at temperatures of 5°C and 10°C reached
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Fig. 2. Compressive strength of mortars after 12 h and 1, 2, 7, 28 days of curing

18.2% and 31.7% (respectively), compared to the com-
pressive strength of samples curing at the maintenance
temperature of 20°C. At an age of 2 d these values were
27.10% and 41.9% respectively, when cured at 5°C and
10°C. After 7 days, the strength of the test mortars, un-
der curing conditions of 5°C and 10°C, reached 41.2%
and 53.3% (respectively), compared to the compressive
strength of samples curing at the maintenance tempera-
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Fig. 3. The effects of curing at 5°C, 10°C and 20°C
on compressive strength, after 28 days

ture of 20°C. The values presented were similar for mor-
tars with 3% nanosilica admixture; the difference being
that in this case it was also possible to test the 12-hour
strength. Mortar cured at 5°C and 10°C reached 7.7% and
10.6%, as compared to the compressive strength of sam-
ples curing at the maintenance temperature of 20°C. The
detailed results of the compressive strength tests, after
28 days of curing, are shown in Figure 3. Curing the sam-
ples at a temperature of 10°C, instead of at 20°C, resulted
in a decrease in 28 d compressive strength by 42.2%.
In the case of samples cured at 5°C, instead of at 20°C,
a 61.3% decrease in compressive strength was observed.
A similar tendency has been reported in the literature
[23], where the 28 day compressive strength decreased
by approximately 25% when the concrete slab was cured
at 0°C, instead of at 20°C.

Figures 4 and 5 show the ratios of tested mortar
strengths at certain ages, in relation to 28 day strength. Con-
trol mortar samples (C) without the addition of NS, were
not hard enough after 12 h to test for compressive strength.
Samples NS5 and NS10, cured at 5°C and 10°C, reached
approximately 4% of their 28-day compressive strength,
while C20 and NS20 reached 16% and 22% of their 28-day
strength, respectively. It can be seen that after the first day,
samples C5 and NS5 reached only 26—28% of their 28-day
compressive strength. For C10 and NS10, this value was
slightly higher, reaching around 30%. Samples C20 and
NS20, cured under standard curing conditions, reached
55% and 50% of their 28-day compressive strength, re-
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Fig. 4. Compressive strength to strength for 28 days
ratio, control samples

spectively. On the second day of hydration, both mortars
cured at 5°C and 10°C reached 53—59% of their 28-day
strength. In comparison, mortar samples C20 and NS20
reached 79% and 75% of their 28-day strength, respectively.
On day 7, the 28 day strength achieved at different tempera-
tures begins to equalize. This means that low temperatures
(5°C or 10°C) delay strength development in the early days
of hydration. It can also be seen that the incorporation
of nanosilica had a positive effect on the mechanical prop-
erties of cement mortars, by compacting their structure and
improving the bond between the aggregate and the cement
matrix. Various studies have shown that the incorpora-
tion of NS in a mixture accelerates cement hydration and
composite hardening; resulting in higher early strength
[7, 19, 24]. This was also reflected in this study, through
the possibility of determining the 12-hour compressive
strength of NS-modified specimens, after curing at 5°C
and 10°C. Samples without the addition of nanosilica fell
apart during the press test. In the case of samples cured at
20°C, when 3% of NS was incorporated into the mixture,
the compressive strength increased by 59.2% in comparison
to the corresponding samples, after 12 h of curing. A sig-
nificant influence of the admixture was observed in the case
of samples cured at 5°C, with a strength improvement
0f 22.9% after 1 day of curing, in comparison to the refer-
ence mortar. In the next days, the compressive strength
increased by 6.2%, 3.4% and 10.5%, respectively after 2,
7 and 28 days of curing, in comparison to the reference
mortar. In the case of samples cured at 10°C, the strength
improvement was 13.1%, 14.8%, 3.4% and 11.8%, respec-
tively, after 1, 2, 7 and 28 days of curing, in comparison
to the reference mortar. In the case of samples cured at
20°C, the incorporation of nanosilica caused a compressive
strength increased by 13.7%, in comparison to the corre-
sponding samples, after 28 days of curing.

Fig. 5. Compressive strength to strength for 28 days
ratio, NS samples

3.2 Water absorption

Figures 4 and 5 show the water absorption of the tested
mortars. It can be seen that the water absorption rates in
the first minutes of testing were significantly different and
highly dependent on the curing conditions and the pres-
ence of NS. As the curing temperature increased, water
absorption decreased. After 20 min of testing, the control
samples curing at a temperature of 10°C, instead of 20°C,
showed a more than double increase in the water absorp-
tion rate. In the case of control samples cured at 5°C,
instead of at 20°C, the increase in the water absorption
rate was over 3 times higher. This dependence decreased
as time passed. After 24 h of testing, the water absorp-
tion rates of samples C10 and C5 were higher by 18.7%
and 32.1%, respectively, in comparison with mortar C20.
A Comparable trend was observed with the NS speci-
mens. After the first measurement, the water absorption
rate of samples NS10 and NS5 was higher by 119.7% and
86%, respectively, in comparison with mortar NS20. The
water absorption ratio increased slowly with time, ap-
proaching the water absorption ratio of samples cured
at lower temperatures. In the case of samples NS10 and
NS5, the water absorption rate improvements after 24 h
of curing were 27.4% and 37.4%, respectively, in com-
parison with mortar NS20. Nanosilica should decrease
water absorption because of its pore-filling effect and its
ability to cause an improvement in microstructure. The
effect of NS was present only in the first hours of test-
ing. In the case of NS samples cured at 5°C and 10°C,
a decrease in the water absorption rate, by 20% and 6.7%
respectively, was observed in comparison to the control
samples. A different situation was observed in the case
of samples cured at 20°C. For sample NS20, the water
absorption rate improvement was 47%, in comparison to
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Fig. 6. Water absorption, C samples

sample C20. The values for the C and NS samples were
similar after just 2 hours of testing. However, the final
(24 h) sorptivity of NS20 was 4% lower in comparison to
the C20 samples.

3.3 Capillary porosity

Figure 2 presents the capillary porosity of the cement
mortars. Capillary porosity decreased as temperature in-
creased. It can be seen that sample C5 had the highest
capillary porosity values , with the rate of improvement
being 11.5%, in comparison to mortar C20. In the case
of the NS mortars, the capillary porosity rate of sample
NS5 was 7.2% higher than that of mortar NS20. There
were slight differences in the capillary porosity of the mor-
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Fig. 8. Capillary porosity of cement mortars

Fig. 7. Water absorption, NS samples

tars, depending on whether nanosilica was present. These
results support the water absorption findings presented in
the section above. Nanosilica refines the microstructure
of cementitious composites, thus altering the pore struc-
ture of the cement matrix. Moreover, it makes the pore
structure of the paste more homogeneous, by subdividing
larger pores into smaller ones [25].

4. CONCLUSION

This paper has presented the effects of low curing
temperature on the properties of cement mortars con-
taining nanosilica. Based on the experimental results,
we conclude that:

+ Low curing temperature delays strength develop-
ment in the early days of hydration and slows down
the strength growth rate of the mortars, with an in-
crease of age.

+ Curing samples at temperatures of 10°C and 5°C was
associated with a 42.2% and 61.3% loss of 28 day com-
pressive strength, respectively.

* The incorporation of nanosilica has a positive effect
on the mechanical properties of cement mortars, by
accelerating the hydration process as well as refining
microstructure. This was reflected through the possi-
bility of determining the 12-hour compressive strength
of NS-modified specimens, after curing at 5°C and
10°C.

+ Water absorption rates were highly dependent on cur-
ing conditions. Water absorption decreased as curing
temperature increased.

* The incorporation of nanosilica contributes to a de-
crease in the porosity of the cement matrix; transport
properties, such as open porosity as well as sorptivity,
were thus improved in all curing conditions.
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INTRODUCTION

Building materials based on clinker-free gypsum bind-
ers are characterized by low energy consumption
of production (tens of times less than Portland cement),
sufficient sound, thermal insulation and other technologi-
cal advantages. The elaboration of modified nanocom-
posite pressed gypsum binders, providing products with
high physico-mechanical, operational and technical and
economic indicators, remains an urgent task.

This article is aimed at studying the kinetics of con-
trolled hardening of gypsum nanobinders.

MAIN PART

To solve technological problems of increasing the ef-
ficiency of hardening processes [1] of gypsum nanocon-
crete, it is necessary to control the kinetics of setting and
curing. The physico-chemical characteristics of the hard-
ening of gypsum building materials depend primarily on
the technology of production of raw materials.

The reserves of gypsum minerals in Russia are practi-
cally inexhaustible (only in the Republic of Bashkorto-
stan in explored deposits they amount to over 400 million
tons), there is also a large amount of gypsum-containing
waste that is suitable for the production of materials for
various purposes based on gypsum. Currently, about
250 million tons of gypsum materials based on natural
raw materials and industrial wastes are produced annually
in the world [2].

The basis of the production of gypsum nanobinders is
the heat treatment of gypsum stone, during which phased
physicochemical dehydration processes (dehydration)
take place. According to the production technology, low-
firing (up to 250°C), high-firing (from 600°C to 1000°C)
and unbaked plaster binders are distinguished. The degree
of dehydration of CaSO, * 2H,0 (calcium sulfate dihy-
drate) depends on the temperature, conditions and dura-
tion of heat treatment. At low-temperature autoclave heat
treatment (95—100°C) a-modification of CaSO, + 0.5H,0
is formed (more correctly 2CaSO, * H,0). a—Modifica-
tion of calcium sulfate hemihydrate consists of large dense
crystals that are used in the in technological production
of high-strength gypsum (15—20 MPa).

When hydrated water is removed in open techno-
logical devices from CaSO, «2H,0O crystals in the form
of steam, its dispersion and loosening of the crystal lattice
occurs, and the B-form of semi-aqueous CaSO, * 0.5H,0
is formed. Calcium sulfate f—hemihydrate microcrystals
are small, defectively formed, therefore, gypsum binders
result in significant variations in dispersion, water de-
mand, porosity and reduced strength values.

Low-calcined gypsum binders quickly set and harden,
consist mainly of the 3-modification CaSO, * 0.5H,0 and
are the basis of the construction and molding gypsum

binders. High-calcined gypsum nanobinders harden more

slowly, consist mainly of anhydrite (calcium sulphate

CaSO0,) and 3—5% of calcium oxide and form water-re-

sistant nanocomposites. Unburned gypsum binders are

obtained by fine grinding of natural or artificial varieties
of calcium sulfate and this allows to reduce the energy
consumption for processing raw materials.

The processes of hydration and setting of gypsum
binders nanocomposites depend [3] on many different
factors: the ratio of the gypsum component—water; mix-
ing intensity and temperature; fine grinding, etc. The
physicochemical processes of hardening of calcium sulfate
hemihydrate (as well as other gypsum nanobinders) oc-
curs in three stages:

« dissolution of microparticles of hemihydrate in water
and the formation of its saturated solution; gypsum
nanobinders plastically;

« interaction of water with calcium sulfate hemihydrate,
which leads to the formation of CaSO, * 2H,0 dihy-
drate in the form of ultrafine crystalline microparticles
(the dihydrate is significantly less soluble in water
(2 g/1) compared to CaSO, » 0.5H,0 (8 g/1) and forms
colloid nanosystem due to Van der Waals interactions
and is accompanied by the launch of gel-like harden-
ing;

« recrystallization of fine particles of calcium sulfate
dihydrate with the topochemical formation of larger
crystals and gradual accretion into crystalline inter-
growths, which ensures the hardening and curing
of gypsum nanocomposites.

Depending on the setting time, gypsum binders vary:
from fast-hardening (the start of curing is not earlier than
2 minutes, the end is not later than 15 minutes) to slow
hardening (the beginning of hardening is not earlier than
20 minutes, and the end is not normalized). One of the
effective ways to control the setting time of gypsum binders
is the use of appropriate nano-additives. The production
technology of a multi-phase gypsum nanobinders with pre-
dominant anhydrite content provides slower setting time.

The stoichiometric water-gypsum binder ratio upon
hydration of CaSO, *0.5H,0 to dihydrate is 0.18: this
means that about 18% of water is required to be added.
An additional amount of water (up to 30—40%) must be
added to produce a conveniently molded gypsum paste.
The kinetics of the setting of gypsum nanobinders are also
influenced by the fineness of the grinding, the storage time
of the raw material and other factors [4].

Theoretical and experimental studies [5—9] of the
mechanisms for the hardening of gypsum nanobinders
showed that the formation of a crystallization nanostruc-
ture occurs when the following conditions are met:

« microparticles of the dispersed phase should be at
a sufficiently small distance /_ at which the formation
of crystallization nanocontacts between them is pos-
sible;
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« the concentration of the solute in the dispersed me-
dium must be greater than the solubility of the crystal-
line hydrate, i.e. the system must be metastable. The
higher the supersaturation of the solution, the greater
can be the distance between the merging particles
of the hydrate, at which crystallization nanostructure
can be formed.

The distance between microparticles 4, which ensures
the formation of nanocrystallization contacts according to
the data of [5], should be equal to ~3, (5, — intermolecu-
lar distance). It is not possible to bring crystalline hydrate
particles of gypsum dihydrate to the required distance
by ordinary technological methods, in particular, injec-
tion molding technology, therefore, non-trivial methods
of molding are being developed. When pressing semi-dry
mixtures, it is also difficult to bring the particles of dihy-
drate gypsum to the distance required to form a crystal-
lization nanostructure, due to the low water content of the
mixture and the low pressing pressure. Consequently,
for such gypsum nanobinders, it is necessary to increase
the supersaturation of the liquid phase with dihydrate,
i.e. to fulfill the second condition for the emergence
of a crystal hydrate structure, and this can be achieved
by introducing into the composition a certain mass frac-
tion of CaSO, * 2H,0.

Consider the mechanism of hardening nanobinder on
the example of a gypsum composition, the solid phase
of which consists of dihydrate (DH) and hemihydrate
(HH) calcium sulphate. When mixed with water, HH
starts intensively hydrating and dissolving: in a dispersed
system, a supersaturated concentration of DH in the form
of germ-free crystalline hydrates with a size of =2 nm is
rather quickly created. However, the spatial crystalline
hydrate nanostructure may not be formed if the initial
distance between the DH nanoclusters is too large (more
than 10 nm), i.e. the initial components are not suffi-
ciently compacted, and the number of nanobinder HHs
is not enough so that when it hydrates, the gap between
the DH crystals decreases to a critical one.

After the end of the hydration process, HH of calcium
sulfate in the first hours of hardening begins the second
stage of the curing of the nanocomposite: by this time,
a primary three-dimensional nanostructure has formed,
which has initial strength, but with insufficient water resis-
tance. In the future, the existing primary nanostructure is
strengthened, as well as an increase in the number of crys-
tallization nanocontacts between unbound microcrystals
and their fouling. The second stage of hardening crys-
tal hydrate nanostructures proceeds slowly over several
months, depending on the hardening conditions of the
gypsum nanobinder [10].

Studies of the microstructure of gypsum nanobinders
show that between the lamellar with a thickness of less
than 100 nm, the needle-like CaSO,«2H,O crystals
of various shapes and sizes in the solid phase state have

microcavities and micropores [11]. The formed nano-
structure of the calcium sulfate dihydrate crystal lattice is
layered: a layer of Ca** ions and sulfate tetrahedra SO,*
(connected by strong ionic bonds) alternates with a layer
of water molecules. The parameters of the CaSO, * 2H,0
crystal nanostructure are as follows: ¢, = 0.57 nm, b, =
1.52 nm, ¢, = 0.63 nm.

To regulate the speed of hardening (slowing down
at the beginning of the process, accelerating at the end
of strength building) of the components of 3 D-technol-
ogies, various additives are added to the gypsum nano-
composite: for example, 0.05% citric acid (polydentate
inhibitor) slows down the setting by 30 minutes. Various
hardening inhibitors reduce the dissolution rate of gyp-
sum hemihydrate, therefore, reduce the concentration
of precipitated crystalline hydrates. In particular, the in-
hibitory effect of adhesives and surface-active substances
on the kinetics of setting is explained by the fact that they
form stable colloidal nanoparticles that delay the crystal-
lization process of gypsum dihydrate.

The kinetics of hardening and the formation of a pri-
mary nanostructure, as well as the effects of dihydrate
gypsum, were studied by molding and testing samples
of different compositions. For this purpose, samples were
made on the basis of the gypsum grade G-4:

gypsum HH nanobinder G-4 (-B-1I) — DH (S =
3000 cm?/g);

gypsum HH nanobinder G-4 (-B-1I) — dolomite flour
(S =2600 cm?/g);

gypsum HH nanobinder G-4 (-B-II) — quartz sand.

The HH content of the nanobinder varied from 0
to 50%, the water-solid ratio was 0.22...0.17. The pre-
pared cylindrical samples were pressed under a pressure
of 20 MPa for 30 s and tested for compressive strength
(CS) at the age of 1 day curing at relative air humidity
¢ = 60+10% and temperature t° = 20£2°C. The results
of experimental studies of samples based on gypsum
nanobinder strength are presented in Fig. 1.

From figure 1 it is noticeable that dihydrate gypsum
is quite actively involved in the formation of the primary
nanostructure. In the presence of DH in the system, even
with a small HH content (not more than 10%), a three-
dimensional nanocrystallization structure is formed with
a sufficiently high strength.

To study the non-hydration curing, hardened samples
based on gypsum nanobinders were stored for a month
at t° = 20£2°C and relative humidity of the atmosphere
@ = 60£10%. The kinetics of changes in the compressive
strength of nanocomposite samples is shown in Fig. 2:
a noticeable increase in compressive strength occurs in
the first 4 days.

The microstructure of gypsum nanocomposites was
studied using a JEOL JSM-6610L scanning electron mi-
croscope (Fig. 3). Electron microscopic images show an
increase in the size of microcrystals over 8 days.

http://nanobuild.ru

552

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonorny B CTpouTeNbCTBE: HayuHbI IHTepHeT-KypHan

2019; 11 (5):
549-560

Nanob

THE ELABORATION OF THE THEORY OF THE FORMATION STRENGTH AND IMPERMEABILITY OF NANOSTRUCTURED SYSTEMS
PA3PABOTKA TEOPUU ®OPMUPOBAHUA NMPOYHOCTU U HEMTPOHULJAEMOCTU HAHOCTPYKTYPUPOBAHHbIX CUCTEM

CS, MPa
15
12
4
9 /
& 3 I
o/l
3 '/ . /i- / T
o —l— I
0 10 20 30 40 50
Content of the gipsum nanobinder., %
—s— gypsum nanobinder - dihydrate
—e— gypsum nanobinder - dolomite flour
—e— gypsum nanobinder - quartz sand

Fig. 1. The dynamics of growth of the strength of samples
of different composition depending on the content
of gypsum nanobinders at the age of 1 day

On the basis of data from laboratory experiments,
a technology was developed for producing small wall and
partition products, which was tested in pilot-industrial
conditions. Through the use of semi-dry pressing and
vibropressing technologies, wall partitioning building ma-
terials with sufficient strength have been obtained. The use
of nanoparticles of industrial wastes [12—14] allows us to
accelerate the kinetics of curing, increase the brand of wa-
ter resistance and improve the performance characteristics
of composite gypsum binders. In the monograph [15],
the technology of producing small-piece wall products by
semi-dry pressing based on technogenic phosphogypsum
dihydrate is considered in detail.

Consideration of structure formation and hardening
of phosphogypsum building materials from the perspec-
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—s— gypsum nanobinder - dihydrate
—e— gypsum nanobinder - dolomite flour
—e— gypsum nanobinder - quartz sand

Fig. 2. The change in strength in time of pressed samples
of different composition with the content of gypsum
nano-binder 20%

tive of the fractal concept is correctly modeled as multi-
fractal calcium sulfate dihydrate nanoclusters with dimen-
sions of several tens of nanometers. [16]. Phosphogypsum
nanocomposite with soda production wastes hardens due
to complex reactions with the formation of hydrosulfoalu-
minates and calcium hydrosilicates. The paper [17] pro-
posed a method for quantitative analysis of the images
of the microstructure of a nano-modified composite
based on performing binary decomposition. The mean
values of the fractal dimension for empirical images of the
microstructure are 1.63 (optical microscopy) and 1.76
(scanning probe microscopy).

When mechanically activating high-strength gypsum
[18], it is advisable to introduce “FREM NANOGIPS”
into dry mortar: this reduces the water-gypsum ratio

Fig. 3. Microstructure of pressed nanocomposite gypsum matrices
(hardening time: a) — 1 day, b) — 8 days)
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and increases by 3—6 times the strength characteristics
of the resulting nanocomposite gypsum products and
materials; allows you to adjust the setting time, enhances
water resistance, as well as surface hardness and adhe-
sion [19] to various solid-phase materials. The authors
of the article [20] found that the modification of 0.18%
by multi-layered carbon nanotubes is observed to increase
the compressive strength of gypsum to 29%.

Innovative materials based on gypsum nanocompos-
ite binders (dry plaster and putty mixtures) are created
by modifying 0.25—1% polyvinyl acetate redispersible
polymers [21]. Modified gypsum dry mixes have unique
characteristics: the ability to control the setting time in
wide ranges; sufficient strength, water resistance, etc.

It should be noted that the regulation of the hard-
ening of gypsum binders is considered promising when
designing the initial components of 3 D-technologies
[22]. Additive technologies are a layered addition of mate-
rial on a computer 3D model [23] and now designers in

BBEJEHUE

TpoiiMaTepuabl Ha OCHOBE 0€CKITMHKEPHBIX TUTICO-
BBIX BSDKYIINAX OTIIMYAIOTCST MAJIOM 9HEPro3aTpaTHO-
CTBIO TIPOM3BOJICTBA (B AECSATKU pPa3 MEHbIIIC YeM ITOPT-
JIAHAIIEMEHT), TOCTaTOYHOM 3BYKO—, TEILIOU3OJISIIINCHA
W APYTUMU TEXHOJIOTUYECKUMM ITpenuMyliecTBaMu. Pa3-
paboTKa MOITUMUIIPOBAHHBIX HAHOKOMITO3UIIMOHHBIX
TIPECCOBAHHBIX TUTICOBBIX BSIKYIINX, 00SCITIEUNBAIOIIX
ToJIydeHUe U3JIENINii C BBICOKUMU (PU3NKO-MeXaHN4de-
CKMMM, DKCIITyaTallMOHHBIMUA U TEXHUKO-2KOHOMMYE -
CKMMM TTOKAa3aTeJIIMUA, OCTAeTCs aKTyaJIbHOM 3amadeii.
JlaHHag cTaThs HalleJieHa Ha MCCliefOBaHUEe KHETH -
KU PETYIMPYEMOTO TBEPICHUS TUTICOBLIX HAHOBSTKYIIIMX.

OCHOBHAA YACTb

7151 petreHrs TeXHOJIOTMUECKUX 3a1a4 ITOBBIIICHUS
3(PPEeKTUBHOCTHU TIPOIIECCOB TBepAeHU [1] rnuiicoHa-
HOOETOHOB HEOOXOIMMO YIIPABISATh KWHETUKOI CXBa-
TBIBaHUS W Habopa mpouHocTH. DU3NKO-XUMHIIEeCKIE
0COOEHHOCTH TBEPICHUS THIICOBBIX CTPOMMAaTEepHaIOB
3aBHCSIT, TIPEXKIE BCETO, OT TEXHOJOTUH IIPOMU3BOACTBA
CHIPBEBBIX KOMITOHEHTOB.

3amachl TMTIICOBBIX MUHEpaIoB B Poccuu mipakTide-
CKM HercuepnaeMbl (ToibKo B Pecniyonuke bamkopro-
CTaH Ha pa3BeIaHHBIX MECTOPOXICHUSIX OHM COCTaB-
Js110T cBBItre 400 MUTH. TOHH), IMEeTCsI TAKKe OOJIBIIIOE
KOJIMYECTBO TUIICOCOMIEPKAIINX OTXOHAOB, KOTOPHIE
TIPUTOIHBI IS IPOM3BOACTBA MaTCPUAJIOB Pa3IMIHO-

the construction industry are increasingly using 3D print-
ing technologies, which ensures the speed of construction
of low-rise buildings with a complex structure. An effec-
tive approach to enhancing the performance character-
istics of building nanocomposites for 3D additive tech-
nologies based on gypsum binders is the implementation
of controlled hardening with mineral additives.

CONCLUSION

Thus, the increase in strength in the process of the
hardening of gypsum nanobinders is determined by
the chemical and mineralogical composition of the ini-
tial raw materials and is parallel to the change in their
microstructure. The technological properties of gypsum
nanocomposites: setting time, water resistance, durabil-
ity, etc. can be adjusted by changing the ratio of the indi-
vidual components and the introduction of technogenic
nanomodifiers.

TO Ha3HAYCHMST Ha OCHOBE THIIca. B Hacrosmee BpemMs
€XXETOoHO B MUpPE BEIpabaThIBaeTCs OKOJIO0 250 MITH. T
TUTICOBBIX MaTepHUAJIOB Ha OCHOBE TIPUPOTHOTO CHIPHS
1 TEXHOTEHHBIX OTXOH0B [2].

OCHOBOI1 IIPON3BOACTBA TUIICOBBIX HAHOBSTKYIITNX
SIBJIIETCSI TEPMOOOPAOOTKA TUIICOBOTO KaMHSI, TIPH KO-
TOPOU TIPOUCXOIST TTO3TAITHBIC (PU3NUKO-XUMUUICCKIE
npoluecchl 00e3BoXuBaHus (neruapartanus). I1o Tex-
HOJIOTMY TIPOM3BOICTBA PA3IMIAOT HU3KOOOKUTOBEIC
(mo 250°C), BeicokooGxurossie (0T 600°C go 1000°C)
1 0e300XNTOBBIC TUTICOBEIC BsLKyIIne. CTeleHb IeTH-
aparauuu CaSO, 2 H,O (muruapara cyibgara Kajib-
LIVST) 3aBUCUT OT TEMIIEPATYPHI, YCIOBUIA U IJTUTETHHO-
CTU TeruioBoi 00padoTku. [1pu HU3KOTEeMIIEpaTypHOIt
aBTOKJIABHOM TepMoobpadoTke (95—100°C) obpasyercs
a-momudukanua CaSO, 0,5 H,O (6onee KOppeKTHO
2CaSO0, * H,0). a-Monudukanms noiyruapara cyibda-
Ta KaJIbIIAS COCTOMT M3 KPYIHBIX INTOTHBIX KPUCTAJIIOB,
KOTOPBIC MCITOJIB3YIOTCS B TEXHOJIOTMYECKOM ITPOM3BOI-
CTBE BBEICOKOIIpOoUHOTO rurca (15—20 MIla).

[1pu ymameHn THAPATHOM BOIBI B OTKPBITHIX TEXHO-
JIOTMYECKMX anmaparax u3 kpucramio CaSO,+2 H,O
B BHUJIE ITapa MPOUCXOINT ero JUCIIEpTUPOBaHNE U pa3-
PBIXJICHUE KPUCTAJUTMICCKOM PEIIeTKH, IIPH 3TOM 00-
pasyerca B-¢dopma monysogHoro CaSO,+0,5 H,O.
MUKpOKPHUCTAIUTB [3-TIOJIYTUApPATa CyIbdaTa KaIbIIHs
MeJIKHe, 1e(eKTUBHO c(hOPMUPOBAHBI, ITIO3TOMY THII-
COBBIC BSLKYIIME TTOTYJarOTCsI 3HAUMTECIPHBIMA Bapra-
LIUSIMU TUCIIEPCHOCTH, BOIOIIOTPEOHOCTH, TIOPUCTOCTH
1 CHIKCHHBIMU 3HAYCHUSIMU TIPOYHOCTH.
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Hu3K000X1UTOBbIE TUIICOBBIE BSIXKYLINE OBICTPO
CXBaTBIBAIOTCS M TBEPACIOT, COCTOSIT IIPEUMYIIIECTBEH-
HO n3 B-momnpukannu CaSO . 0,5 HZO U ABILIOTCH
OCHOBOI CTPOMTEIILHOTO 1 (DOPMOBOTHOTO THIICOBBIX
BSDKYIINX. BBICOKOOOKUTOBEIC TUTICOBEIC HAHOBSIKYIITIEC
OTBEPAEBAIOT MEIJICHHEE, COCTOSIT TIPEUMYIIIECTBEHHO
u3 anruapura (cynbdara kanpuua CaSO,) u 3—5% ok-
cHIa KaJIbIWs M 00pa3yroT BOMOCTOMKIE HAHOKOMITO3H-
THI. Be300KNUTOBBIE TUIICOBEIC BSLKYIIME TIOTYIAIOT TP
TOHKOM M3MEIbUCHUU IIPUPOTHBIX MJIN NCKYCCTBEHHBIX
Pa3HOBHUIHOCTEH CyiIbdaTa KalbIs, U 3TO TTO3BOJISICT
YMEHBIIUTH SHEPTo3aTPaThl Ha ITepepabOTKy NCXOTHOTO
CEHIPBSI.

ITpotecchl rmapaTallii M CXBaThIBAHUSI HAHOKOM-
TIO3UTOB TMIICOBBIX BSDKYIIMX 3aBUCHT 3] OT MHOXXECTBa
pa3HOOOpa3HBIX (hAKTOPOB: COOTHOIICHUS TUTICOBOTO
KOMITOHEHTa—BOIBl; MHTCHCUBHOCTH U TEMIICPaTyPhI
CMEIIIECHUS; TOHKOCTH MoMoJjia U T.1. PU3NKO-XUMU-
YecKue MPOLIeCCH TBEPACHMS TTOYyTUapaTa Cyiabdara
Kajmpus (TaK Xe KaK U IPYTUX TUTICOBBIX HAHOBSIKY-
IIMX) TIPOVCXOMNT B TPU CTAIUMN:

e pacTBOpeHME MUKPOUYACTHII MOJIYTUIpATa B BOIC
1 00pa30oBaHME ero HACHIIIEHHOTO pacTBOpPA; TUTI-
COBOC HAHOBSIKYIIIEE TTACTUYHO;

o B3aMMOMCIHCTBUE BOIBI C TTOJIYTUAPATOM CyiIb(daTa
KaJIbLMSI, YTO TIPUBOIUT K 00pa30BaHUIO TUTHIPATA
CaSO, * 2H,0 B Buze yabTpaIvcepCHbIX KPUCTaI-
JIMYCCKUX MUKPOYACTHUI (IUTUAPAT 3HAUYUTECITHHO
MEHee pacTBOpPUM B Bome (2 /1) TTo CpaBHEHMIO
¢ CaSO, 0,5 H,0 (8 r/m) u popMupoBaHMIO KOJLIO-
WIHOI HAHOCHCTEMHI 3a cueT BaH-mep-BaanbcoBhix
B3aMMOJICICTBUIT U COTIPOBOXKIACTCS 3aITyCKOM Te-
JIe00Pa3HOTO TBEPACHHS,

o TIEPEKPUCTAUIM3AINS TOHKOOMCIIEPCHBIX YaCTUUCK
IUTHUIpaTa cyiabdaTa KaJbLHs ¢ TOIIOXUMUICCKAM
(opMmpoBaHTEM 00JIee KPYITHBIX KPUCTAIIIOB U TT0-
CTCTICHHBIM CpacTaHWEeM B KPUCTAJUIMIECKIE CPOCT-
KW, YTO 00eCIIeYMBacT TBEPACHNE U HAOOP IIPOTHO-
CTHU TUTICOBBIX HAHOKOMITO3UTOB.

B 3aBHCMMOCTH OT CPOKOB CXBAaTHIBAHUS THIICOBHIC
BSDKYIIE BapbUPYIOT OT OBICTPOTBEpACIONINX (Hava-
JIO OTBEp:KICHUS He paHee 2 MUH., KOHEII He TTO3THEe
15 MUH.) 10 MEeIJIECHHOTBEPACIOIIUX (HaYaJI0 TBEPIACHUS
He pa”ee 20 MUH., a KOHel[ He HopMupyetcst). OqHuM
13 3POEKTUBHBIX CIIOCOOOB PETYIUPOBAHUSI CPOKOB
CXBaTBhIBAHUS TUTICOBBIX BSIKYIIMX SIBJISICTCS TIPAME-
HEHHME COOTBETCTBYIOIINX HAHOM00AaBOK. TeXHOIOTHS
TIPOM3BOJCTBa MHOT0O()a30BOTO TUTICOBOTO HAHOBSTKY-
IIIETO C IPEUMYIIECTBEHHBIM COACPXKaHUEeM aHTUIPUTA
obecrieunBacT 3aMeINICHHBIC CPOKH CXBAaThIBAHUSI.

CTexnoMEeTPpUIECKOE COOTHOIICHNE BOIA-TUIICO-
Boe BsiKyuiee npu ruaparauuu CaSO, +0,5H,0 B nu-
ruapat paBHo 0,18: 3HaUnT, TpedyeTCsT 10O0ABUTH OKOJIO
18% Bomwl. JloGaBouHOoe KoIM4YecTBO BoAbI (10 30—40%)
HEeo0XoIuMO MPUOAaBUTH JJIsI TIPOU3BOACTBA YyIOOHOMOP-

MYEMOIi ITacThl TUTICOBOM HaHOBSLKyIIei. Ha kunetuky

CXBaTbIBAaHUS TUTICOBBIX HAHOBSDKYIIMX TAKXKE BIUSIOT

TOHKOCTb IOMOJ1a, IJTIUTEIbHOCTb XpPaHEHUST UCXOJHOTO

CBIpbS U IpyTHe (hakTophI [4].

Teopernueckue 1 sKCepuMeHTaIbHbIE UCCIEN0BA-
HUA [5—9] MeXxaHN3MOB TBepICHUS TUTICOBBIX HAHOBSI-
KYIIMX TTOKa3aju, 4To (POpMUPOBAHUE KPUCTATUIU3ALIM-
OHHOI HAHOCTPYKTYPbI TPOUCXOAUT MPU BHITTOJTHEHU N
CJIEYIOIINX YCIIOBUAM:

o  MMKPOYACTHUIIBI TUCTICPCHO (ha3bl JOJDKHBI HaX0-
JUTHCS Ha JOCTATOYHO MAaJIOM PACCTOSHUM A, , TIPH
KOTOPOM BO3MOXKHO 00pa3oBaHME KPUCTALIM3ALIM -
OHHBIX HAHOKOHTaKTOB MEXAY HUMU;

e KOHIEHTpalMs paCTBOPEHHOTrO BelleCcTBa B IUC-
MEePCHOMU cpelie N0JIKHA ObITh OOJIbIIE PACTBOPUMO-
CTU KpUCTAJIJIOTUApaTa, T. €. CUCTeMa JI0JKHA ObITh
MeTacTtabunbHol. Yem Bblllle TIepechileHUe pac-
TBOpA, TeM OO0JIbIlIe MOXET ObITh PACCTOSIHUE MEXIY
cpacTalIMMuUCs YacTULIaMM TUApaTa, Mpu KOTOPOM
BO3MOXHO 00pa3oBaHUE KPUCTAUIM3ALIMOHHOM Ha-
HOCTPYKTYPBHI.

Paccrosinue Mexiy MUKpodacTULAMu A, obecrie-
yuBatoliee (popMrpoBaHKEe HAHOKPUCTALIN3ALMOHHBIX
KOHTAKTOB I10 IaHHBIM Pa0OTHI [5], JOJKHO OBITh pABHO
~39, (8, — MEXMOJIEKYIAPHOE paccTossHue). COMU3UTDH
KPUCTAJJIOTUAPATHBIC YACTULIbI JUTUApATA TUIICa 10 Tpe-
OyeMOro pacCTOSTHUSI OpAMHAPHBIMU TEXHOJOTUYECKU -
MU TIpYeMaMu, B YaCTHOCTHU, T10 JTUTHEBOW TEXHOJIOTUH
He y/laeTcs, M03TOMY pa3padaTbiBalOTCsl HETPUBUAJIbHbBIE
crioco0Onl popmoBaHus. [1pu mpeccoBaHUM MOTYCYXUX
cMmecel cOMM3UTh YacTUllbl JUTHUIpaTa TUIIca Ha pac-
CTOSIHUE, HEOOXOIMMOE 1711 00pa3oBaHUs KPUCTAILIM-
3allMOHHON HAHOCTPYKTYPhI, TAKXKe 3aTPYIHEHO, YTO
00yCJIOBJIEHO HU3KUM BOJIOCOJAEPKAHMEM CMECU U He-
BBICOKUM JaBJicHUeM mpeccoBaHus. CiemoBaTeIbHoO,
JIJISI TOMTOOHBIX TUIICOBBIX HAHOBSIXKYIIIMX HEOOXOIUMO
ITOBBICUTH TIEPECHIIIICHNE XUIKOMN (ha3bl TUTHUAPATOM,
T.€. BBITIOJJHUTb BTOPOE YCJIOBME BOBHUKHOBEHMST KpU-
CTAJJIOTUAPATHOU CTPYKTYPHI, & 3TOTO MOXHO JOCTUYb
BBEICHUEM B KOMIIO3ULIMIO HEKOTOPOI MacCOBO 10U
CaSO,*2H,0.

PaccMmoTpum MexaHU3M TBEpAECHUS HAHOBSDXYILEH
Ha MpuMepe TUIICOBOM KOMITO3ULIMM, TBepaas dasza
KOTOpOil cocTouT u3 nuruaparHoro (AI') u moayru-
npatHoro (I1T') cynbdarta kanbums. [1pu 3aTBopeHUMN
Bopoi I1T" HauMHaeT MHTEHCUBHO TUAPATUPOBATHCS
U PacTBOPSITLCS: B IUCIIEPCHOI CUCTEME TOCTAaTOUHO
OBICTPO cO31aeTcs TepechillieHHas: KoHueHTpauus T
B BUJIE 3apOJbILIEBLIX KPUCTAIOTMAPATOB C pa3MEPOM
~2 uM. OgHaKO TIPOCTPAHCTBEHHAS KPUCTAJUIOTHIPAT-
Hast HAHOCTPYKTypa MOKET He (POPMHUPOBATHCS, €CITU
repBOHAYaIbHOE PACCTOSIHUE MEXTY HaHOKJIacTepaMu
AT cmumkoM Beauko (6ombine 10 HM), T.e. MCXOTHBIC
KOMMOHEHTbI HEIOCTATOYHO YIJIOTHEHBI, 4 KOJMYECTBO
HaHoBsiky1iero Il HemocTaTouHO 1151 TOrO, YTOOKI IIPU
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ero TUApaTaIliy 3a30p MeXay Kpuctaiamu I ymeHb-
IIJICS 1O KPUTUIECKOTO.

ITocne okoHuaHus npouecca ruapatauuu [1I° cynb-
(aTa KanpIus B TIepBbIC YaChl TBEPACHUS HACTYITacT
BTOpasI CTaausI OTBEPXKICHNUSI HAHOKOMITO3HUIINH: K 3TO-
MY MOMEHTY BpeMeHHU c(hOpMUpPOBaIach IIepBUYHAS
TpexMepHas HaHOCTPYKTypa, obamarolias HadaJIbHOMI
MIPOYHOCTHIO, HO ¢ HEAOCTATOTYHOM BOTOCTONKOCTHIO.
B manpHEHIIIEM TPOMCXOIUT YIIPOUHCHHE CYIIICCTBYIO-
IIeil TTepBUYHOI HAHOCTPYKTYPHI, a TAKKE POCT YMCIa
HAHOKOHTAKTOB KPUCTAJUTM3ALINN MEXKITY HECBSI3aHHBI-
MU MUKPOKPUCTAJITIaMU 1 UX obpacTaHusl. Bropas cra-
IUST YIIPOYHEHMS KPUCTAJTIOTUAPATHEIX HAHOCTPYKTYP
MPOTEeKaeT MEIJICHHO B TCUCHNE HECKOIBKIX MECSIIIEB,
B 3aBHUCUMOCTH OT YCJIOBUI TBEPICHUS TUTICOBBIX Ha-
HoBsKymmx [10].

HccaenoBaHnsT MUKPOCTPYKTYPBI THUIICOBBIX HAHO-
BSDKYIIHNX TTOKA3bIBAIOT, YTO MEXKIY IIACTUHIATHIMU
¢ TommuHoM MeHee 100 HM UTOTBYATHIMA KPUCTaLIa-
mu CaSO, * 2H,0 pa3noo6pa3Hoii popMbl 1 pa3smMepoB
B TBepIO()a30BOM COCTOSTHIHN MMEIOTCS MUKPOITOJIOCTH
u Mukponopsl [11]. ChopmupoBaHHast HAHOCTPYKTypa
KPUCTAJUTMYECKON pelIeTKN TUTHIpaTa CyIbdara Kajlb-
LM CIIOUCTAsL: IIpOcCiIoiika u3 noHoB Ca’" u cynb(aTHbIX
TeTpasnpos SO,’ (COeNMHEHHBIE TPOYHBIMM HOHHBIMU
CBSI3SIMM ) YePEIYCTCS CIIOEM MOJICKYIT BOIbL. I1apameTpsr
HaHOCTPYKTYphI KpuctaiioB CaSO, » 2H, O cnenyromime:
a,= 0,57 um, b, = 1,52 am, ¢, = 0,63 Hm.

15t perymmpoBaHUsI CKOPOCTH TBEPACHUS (3aMeie-
HUS B HaYaJie TIpoIiecca, YCKOPEeHUS TIPH 3aBEPIICHUHT
Habopa IMPOYHOCTU) KOMIOHEHTOB 3D-TexHomoTmit
B TUIICOBYO HAHOKOMIIO3HUIINIO TOOABIISTIOT pa3HOOOpa3-
Hble nobaBku: Hanpumep, 0,05% nuMOHHAsST KUCI0Ta

(TTONMMAeHTAHTHBIM MHIMOUTOP) 3aMEIISICT CXBATHIBAHIE
Ha 30 MmuH. Pa3HOOOpa3HbIC 3aMeUTUTEIN TBEPIACHMUS
ITOHIKAIOT CKOPOCTH PACTBOPEHUS TTOTYyTUAPATA TUTICA,
cJIeIoBaTeIbHO, YMEHBIIIAIOT KOHIICHTPAITNIO BHITIAIAI0-
IINX B OCAIOK KPUCTAJUIOTUAPATOB. B yacTHOCTH, MHTH-
oupylolee IeCTBUE KJIeeB M TIOBEPXHOCTHO aKTUBHBIX
BEIIIECTB Ha KMHETUKY CXBATBIBAHUS OOBSICHSICTCS TEM,
YTO OHU (POPMUPYIOT YCTOMUNBBIC KOJUIOMIHBIE HAHO-
YaCTHUIIBI, KOTOPHIC 3aIePKMUBAIOT IIPOIIECC KPUCTAILIN-
3allUY TATUApaTa TUIICA.

KuHeTHKy TBepmeHMsI HAHOBSDKYIIINX U 00pa30BaHe
MMepBUYHON HAHOCTPYKTYPHI, a TAKXKe BIUSHUS TUTH-
IpaTa TUTICA M3YJaIu IMyTeM (POPMOBAHUS M NCTIBITAHUS
00pas3IIOB Pa3IMYHOTO cocTaBa. JIJIst 3TOro M3rOTOBIIIN
0o0pa3lBl Ha OCHOBe MapKu rurica I'-4:

ruricoBoe [T HanoBstkymiee I'-4(-b-11) — AT
(S, = 3000 cM?/T);

ruticoBoe [1I" HanoBskymiee I'-4(-b-11) — momomm-
TOBast MyKa (S ~ 2600 cm?/1);

ruricoBoe I1I" HanoBskytee '-4(-b-11) — kBapie-
BBIIA MIECOK.

Conepxanne I1I" HAHOBSZKYIIETO M3MEHSIIOCH OT ()
10 50%, BomorBepaoe otHoireHue — 0,22...0,17. I1pu-
TOTOBJICHHBIC 00pa3IIbl HMJIMHIPUICCKOI (hOpMBI TIpec-
coBanu nox masieHuem 20 MIla B teuenue 30 ¢ u uc-
ITBITHIBAJIM Ha TIPOYHOCTH IIPU CXKATUH B Bo3pacTe 1 CyT.
TBEPICHUS ITPU OTHOCUTEILHON BIAXKHOCTH BO3IyXa (p =
60£10% u Temneparypsl t° = 20£2°C. Pe3yabTaThl 9KC-
IIepUMEHTAJIBHBIX MCCIICIOBaHMIT 00pa3IloB Ha OCHOBE
TUTICOBBIX HAHOBSIKYIIIMX Ha IIPOYHOCTD IPEACTABICHBI
Ha puc. 1.

W3 pucyHka 1 3aMeTHO, YTO TUTUAPATHBIN TUTIC TO-
CTaTOYHO aKTWBHO y4acTBYeT B (hDOPMUPOBAHUU TIep-
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Puc. 1. lnunamMuKa pocTa NpOYHOCTH 00PA3IOB
Pa3JMYHOrO COCTABA B 3aBUCHMOCTH OT COJAEPKAHUS
THTICOBOTO HAHOBSIKYHIETO B Bo3pacre 1 cyT.

= 14
g 12 _ -
o L")
= 10
o
5 8 v
5 6 v o—a
g L WL
o r~
f} U
2
2 |
0 4 8 12 16 20 24 28 cyT.
—— - IHIICOBOE BAXYIIEE - IEYE0JHBI THIIC,
—&—- THIICOE0 & BAEYINEE - IOJI0 MATOBAA MYK3,
—e— - THIICOBOE BAXYIIEE - KBAPI[EBLET ECOK.

Puc. 2. I3meHeHne NpoYHOCTH BO BpeMeHH
NPeCCOBAHHBIX 00PA3LI0B PA3JIMYHOTO COCTABA
NPH ColePKAHUHU TUTICOBOTO HAHOBSLKYmIero 20%
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Puc. 3. MEKpOCTpYKTypa NpecCOBAHHBIX HAHOKOMITO3UTHBIX THIICOBBIX MATPHIL.

Bpewms TBepnenus: a) — 1 cyt., 6) — 8 cyT.

BUYHOI HAHOCTPYKTYphI. [1pn Hanmuum B cucteme I’
Jaxe rnpu HebosblioM coaepxkanuu I (e 6o1ee 10%)
obpasyeTcs TpexMepHass HAaHOKPUCTAIN3allnOHHAS
CTPYKTYpa C JOCTATOYHO BHICOKOM IMPOYHOCTHIO.

Jns u3yyeHus 6e3ruapataliioOHHOTO Habopa mpou-
HOCTH 3aTBEpPACBIINE 00pa3Ilbl Ha OCHOBE T'MIICOBBIX
HAHOBSDKYIINX XPaHWINCH B TCUCHUE MecsIIa TIpu t° =
20£2°C 1 OTHOCUTEILHOU BJIAXKHOCTH aTMOC(EPHI p =
60+10%. KunHetrika n3MeHeHH s IIPOYHOCTHU Ha CXKaTHe
HaHOKOMITO3UTHEIX 00pa31IoB ITpMBEIcHA Ha pHC. 2; 3a-
METHBII POCT IIPOYHOCTHU Ha CXKaTHe ITPONCXOIUT B Tep-
BBIC 4 CYTKU.

MUuUKpOCTPYKTypa TUIICOBBIX HAHOKOMITO3UTOB HC-
cjemoBaHa Ha pacTPOBOM 3JIEKTPOHHOM MHKPOCKOIIE
JEOL JSM-6610L. DieKTpOHHOMHUKPOCKOITMYECKHE
CHUMKU TTOKA3bIBaIOT (pHC. 3) yBeIUUCHUE Pa3MepOB
MUKPOKPHCTAIIJIOB B TCUCHHE § CYTOK.

Ha 6a3e naHHBIX 1a00paTOPHBIX ONBITOB ObLIA pa3-
paboTaHa TeXHOJIOTHS TOTYUCHMST METKOIITYIHBIX CTe-
HOBBIX U TIEPETOPOIOYHBIX M3IEINil, KOTopas Oblia
anmpoOMpoBaHa B ONBITHO-TIPOMBINIJICHHBIX YCIOBU-
SIX. 3a CYCT MCITOIb30BAHUS TEXHOJIOTHUI TTOIYCYXOTO
TIPEeCCOBaHUSI U BUOPOIIPECCOBAHMS TTOJYICHBI CTe-
HOBBIC TIEPETOPOIOUHBIC CTPOMMATEpHUAaIbl C JOCTa-
TOYHOI ITpOoUHOCThI0. McItob30BaHe HAHOYACTHII
TeXHOTEHHBIX OTXOM0B [12—14] m03BOJISIET YCKOPUTH
KMHETUKY Habopa IIPOYHOCTH, IIOBBICUTH MapKy 110 BO-
TOHETIPOHUIIAEMOCTH M YIYUIINTD SKCILTyaTallHOHHBIC
XapaKTePUCTUKNA KOMITO3UIITMOHHBIX TUTICOBBIX BSIKY-
mux. B pabore [15] moapoOGHO paccMOTpeHa TEXHOJIO-
TUST TIOJIYYCHUST MEIKOIITYYHBIX CTEHOBBIX M3IEIUit
TOJIyCYXUM TIPECCOBAHUEM Ha OCHOBE TEXHOTCHHOTO
murunapara dpocdorurnca.

PaccmotpeHre cTpyKTypooOpa30BaHMS U TBEPACHUS
(hochOrnumcoBLIX CTpoMaTEpHAIOB ¢ TTO3UINKN (hpaK-
TaJIbHOI KOHIIEIIIINY KOPPEKTHO MOICTUPYETCS B BUIIE
MYJIBTH(DPAKTATHLHBIX HAHOKJIACTEPOB TUTHIPATA CYIIb-

(ata KanpIUST pa3MepaM HECKOJIBKO ICCITKOB HAHOME-
TpoB [16]. ®ocdorumncosast HAHOKOMITO3ULIMSI C OTXO/Ia-
MM TIPOM3BOICTBA COMBI TBEPICET 3a CUCT KOMITJICKCHBIX
peaxinit ¢ 06pa3oBaHUEM TUAPOCYIb(hOATIOMIHATOB
U TUAPOCUIMKATOB Kanblius. B ctatbe [17] mpeanoxeH
METOJ KOJIMIECTBEHHOTO aHa/IM3a N300paskeHUI MU-
KPOCTPYKTYPBI HAHOMOIM(PUIIMPOBAHHOTO KOMITO3HTA,
OCHOBAHHBIN Ha BBITIOJIHCHUY TBOMYHON JEKOMITO3M-
mun. CpemHue 3HaUYeHUS (hpaKTaTbHON pa3MEPHOCTH
IJTST SMIUPUISCKUX N300paKeHN MUKPOCTPYKTYPBI
coctaBysioT 1,63 (onTuyeckast MUKpocKomus) u 1,76
(ckaHMpYIOIIAas 30HI0Bass MUKPOCKOTIINS).

[Ipu MexaHOAKTHBAIIMY BBICOKOIIPOYHBIX TUIICOB
[18] meaecoobpa3HoO BBECTU B CYXYIO CTPOUTEIBHYIO
cMmech «FREM NANOGIPS»: 510 maet cCHUXXKeHUE
BOJOTUIICOBOIO OTHOILLIEHUS U MOBbILIeHUE B 3—6 pa3
IIPOYHOCTHBIX XapaKTePUCTUK ITOJTyIacMbIX HAHOKOM-
TTO3UTHBIX TUTICOBBIX U3ICIIAIA M MATEPUAJIOB; TIO3BOJISICT
peryarpoBaTh BpeMsl CXBAaTBIBAaHMSI, YCUIIUBACT BOMIO-
CTOMKOCTB, a TAKKE ITOBEPXHOCTHYIO TBEPIOCTh 1 all-
re3uio [19] K pa3muuHBIM TBepaO(ha3HBIM MaTepHaIaM.
ABtopamu ctaTthu [20] yCTaHOBJICHO, YTO TIPA MOIU-
¢unuposanuu 0,18% MHOrOCIONHBIMU YIJIEPOIHBI-
MM HaHOTPYOKaMM HaOIIOOACTCS IIPUPOCT IIPOIHOCTH
Ha cxatue rurca 10 29%.

MHHOBaIIMOHHBIC MaTepUaIbl Ha 0a3e TUTICOBBIX Ha-
HOKOMIIO3UTHBIX BSDKYIINX (CyXMe IITYKATYpHBIC U IIITTa-
KJIEBOYHBIE CMeCH) co3naHbl Moaudukanueit 0,25—1%
IMOJIMBUHIJIAIIETATHBIMU PEINCITIEPTUPYEMBIMHU TTOJIU-
Mepamu [21]. MoguduiimpoBaHHBIC TUTICOBEIC CYXHE
cMecH 00J1agaloT YHUKATBHBIMH XapaKTePUCTUKAMMU:
BO3MOXKHOCTBIO PETYIMPOBAHUS CPOKOB CXBAaTBIBAHUS
B IINPOKUX AMANa30HaX, JTOCTATOYHON MPOIHOCTHIO,
BOIOCTOMKOCTBIO M .

CiemyeT OTMETHTb, UTO PETYIISIIINS TBEPICHUS TUTI-
COBBIX BSKYIIIUX CUMTACTCS TIEPCITIEKTUBHBIM TTPU KOH-
CTPYMPOBAHUU MCXOTHBIX KOMITOHEHTOB 3 D-TeXHOIOTHit
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[22]. AnmuTUBHBIC TEXHOJIOTUM TPEACTABIISIIOT COOOI
TIOCIIOITHOE TO0aBJICHIE MaTeprajia 0 KOMITBIOTepHOM
3D-monenu [23], 1 B HAcTOSIIIEE BPEMS TTPOESKTUPOB-
MUKW B CTPOMUHIYCTPUU BCE OOIBINE MCITOIB3YIOT
TexHoJiorun 3D-1euatnt, 4TO 00ecIIeunBaeT OBICTPOTY
BO3BEICHMS MAJIO3TAXHBIX 3MaHUI CO CIOXKHONM KOH-
cTpykuneit. DOheKTUBHBIM TTOAXOI0M YCHICHUS 3KC-
TUTyaTallMOHHBIX XapaKTepUCTUK CTPOUTEIBHBIX HAHO-
KOMIIO3UTOB It 3D ammuTUBHBIX TEXHOJIOTUI Ha 0a3e
TUTICOBBIX BSDKYIINX SIBJISIETCS peaTnu3alinsl peTyaupye-
MOTO TBEpACHMS C MUHEPATBHBIMU TOOABKAMMU.
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About the international Tang Prize

he international Tang Prize was established in Taiwan in 2012. The Tang Prize is the highest

scientific and social award for the outstanding contributions and achievements in the
following nominations: «Sustainable development», «Biopharmaceutical Science», «Sinology»,
«Rule of law» and it keeps the traditions of such events as Olympic movement, Nobel Prize and
other international rewards.

The founder of the Tang Prize The CEO of the Tang Prize Foundation
is Doctor Samuel Yen-Liang Yin is Professor Jenn-chuan Chern
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The Tang Prize Medal.

The Tang Prize Medal, designed by Japanese designer
Fukasawa Naoto, is a single piece of 214 g., 99,99 pure
gold. The spiral curves imply the structure of DNA,

a spiral galaxy, an image of a dragon, in addition to
speaking of one’s life force and expressing a dynamism
of movement. Although the spiral curves are based on
a circular structure, they never return to the same posi-
tion. What they express is a sense of infinity that applies
to our history, growth, and life.

2018 Tang Prize Diploma Design Concept
Tang Prize Diploma is a token for recognizing
the contribution of the laureates. 2018 Tang
Prize Diploma design has been commissioned
to the world renowned Dutch book designer
Irma Boom. Abstract and original, the diploma
design is paper art in its simplicity, reflecting
the philosophy of the Tang Prize. Vivid green,
yellow, red, and blue represent the four prize
categories, Sustainable Development, Biop-
harmaceutical Science, Sinology, and Rule of
Law, respectively.

The Prize has been given every two years since 2014. The fund of each nomination is about
1360 000 USD, and additional grants for further research are about 340 000 USD, the total amount
for winner is about 1,7 million USD.

For more detailed information see website
www.tang-prize.org
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O mexxgyHapoaHoun npemum TaH

M exxgyHapogHaa npemua TaH yupexaeHa B 2012 r. Ha TaneaHe. [1pemua TaH ABnAeTCA BbiCLLEN
Hay4YHOW 1 0OLLeCTBEHHOW Harpazou 3a BblAalowmeca AOCTUXKEHUA U 3aCyT B HOMUHAL M-
AX: «<YCTONnunBoe passutume», «<bnomeguumHa», «CuHonoruay», «lOprucnpygeHuyma», n NpogoKaet
TPaauLMn, KOTOpble MMEKTCA B MUPOBOW NPAKTUKE, Takne Kak OnMMnuninckoe apmxkeHune, Hobe-
neBcKasa NpeMua 1 gpyrne MexxayHapofHble KOHKYPCbl.

OcHoBatenb lMpemun TaH - PykoBoputenb ®oHaga npemun —
poktop Camyan Nen-Jlan UH npodeccop MxeHH-YyaH YepH
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Ovnnom Mpemun TaH 2018 aBnaeTca 3HaKom
NpY3HaHWA BbIAALWNXCA JOCTVKEHNI naype-
atoB. Junnom Mpemun TaH 2018 pa3paboTan
BCEMMVPHO U3BECTHbI rONNIAHACKNA KHUKHbIN
ausaiiHep Mipma Bym. AGCTpaKTHbI 1 opurn-
HaNbHbIN AN3alH AUNJIOMA — 3TO UCKYCCTBO
COBMeLUeHMA Ha bymare NpPoCTbIX LiBETOBbIX
coyeTaHui, oTpakatowwmx punocoduto Mpe-
mun TaH. ApKo-3eneHblil, XKenTbiil, KpaCHbIN

1 CUHUI NPeACTaBAAIOT YeTbipe NPU3oBble
KaTteropum: «<YcTonumsoe pa3sutune», «<bnome-
AunumHar, «<CuHonorua» n «l0pucnpyaeHumna»,
COOTBETCTBEHHO.

Nanob%

Mepanb pa3spaboTaHa ANOHCKNM gu3aiHepom HaoTto
(dykacaBa 1 npeacTaBnaeT LesibHbIN Kycok 2141
yucToro 30s510Ta 99,99 Npo6bi, BbINOMHEHHDIV B BUge
cnupanu. Cnupanb nogpasymeBaeT cO60l CTPYKTYpyY
LOHK, cnupanbHble ranakTuku, o6pas ApakoHa, roBOpuT
O CuJ1e XN3HU 1 BblpaX<aeT AHaMU3M ABUKeHMA. XoTA
cnupany UMeIOT He KOJIbLEBYIO CTPYKTYPY, OHN HNKOT-
[a He BO3BpalLaloTCA Ha Ty e nosuyuio. OHM Bbipaxa-
10T 6€CKOHEYHOCTb, UTO OTHOCUTCA 1 K HaLlel ncropuu,
K TEHAEHL MW POCTa HaLLEen XU3HN.

Mepanb npemun TaH

MNpemuna BpyyaeTca pa3 B ABa roga, HaumHaa c 2014. Ee pa3mep B Ka)KAow M3 HOMUHaLWN
coctaBnaet okono 1 360 000 gonn. CLUA, a Takke gononHuTenbHble rpaHTbl okono 340 000 gonn.
Ha NpoBeAeHNe AanbHENLWINX NccnenoBaHun, ntoro okono 1,7 mnH gonn. CLUA gns nobegutens.

bonee noppo6Haa nHpopmauma Ha canTe
www.tang-prize.org
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Abstract: The use of nanotechnology in the construction industry improves its efficiency. The application of nano-modified
materials makes it possible to reduce capital costs. Currently the introduction of nanomaterials is of great importance for the con-
struction industry. Carbonaceous structures can be used as nano-modifiers. Carbon nanotubular material TUBALL produced by
OCSiAl.ru LLC has been chosen.

To perform research samples of single-layer and multi-walled carbon nanotubes were used as a part of cement heavy concrete.
The optimal dosage of carbon nanotubes in the composition of cement concrete has been experimentally determined. The studies
revealed that addition of TUBALL carbon nanotubes to the cement composition contributed to the formation of a mesh structure
that resists the formation of shrinkable nanoscale cracks in the cement mortar, promotes the appearance of calcium hydrosilicates,
increases the concentration of calcium ions at the start of the hydration period.

The influence of modified nanoadditives in the composition of the complex additive on the mechanical properties of the ce-
ment composition has been considered. The complex of mechanical properties of cement nanoreinforced stone in the process of
cementing the annular space of producing wells by X-ray and thermal methods of analysis has been studied. That confirmed the
results of experiments performed with electronic and optical microscopy.

The microstructural elements of the cement specimen were investigated with high-resolution auto-emission scanning electron
microscope Merlin by CARL ZEISS.

It was found that the addition of complex nanomodified additive TUBALL accelerates the curing of the cement composite
at early stage of hardening, decreases value of shrinkable nano-cracks, that in turn positively characterizes the quality of contacts
at the boundaries of cement-casing, rock-cement.

Keywords: heavy concrete, hyperplasticizer, water repellent, nano-modified cement stone, nanomaterials, TUBALL, single-layer
and multi-layered carbon nanotubes, hardening, curing, dispersion.

For citation: Vakhitova R.l., Saracheva D.A., Mazankina D.V.,, Kiyamov |.K., Sabitov L.S. On the properties of nano-modified cement
stones. Nanotehnologii v stroitel’stve = Nanotechnologies in Construction. 2019, Vol. 11, no. 5, pp. 565-576. DOI: 10.15828/2075-
8545-2019-11-5-565-576.
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WHAYCTPUW aKTyaslbHO BHEAPEHNe HaHOMaTeprasoB. B KauecTBe HaHOMOAVDNKATOPOB MOXKHO NMPUMEHATb YIIEPOAOCOAepKaLLmne
CTPYKTYpbI. Boibpanu yrnepogHbiii HaHOTYOYnApHbIn Matepuan TUBALL npounssogctea OO0 «OCSiAl.ruy.

[nsa nposefeHWA Nccne[oBaHMi NCMONb30BaNVCb 06pa3Lbl OGHOCIONHbBIX M MHOTOCSTOMHBIX YrIePOAHBIX HAHOTPYOOK B coCTaBe
LIeMEHTHOTO TAXKeNIoro 6eToHa. JKCMePUMEHTANIbHO onpefenanach onTuMarnbHas 4O3UPOBKa YriepoAHbIX HAHOTPYOOK B coCcTaBe
LieMeHTHOro 6eToHa. Mpy NpoBefeH NCCef0BaHNIA BbIABIEHO, YTO fobaBneHe yriepoaHbiX HaHOTPY6oK TUBALL B LieMeHTHyt0
KOMMO3MLMIO CNOCOBCTBOBaNO 06pa3oBaHMI0 CETHATON CTPYKTYPbI, KOTOPasA OKasblBaeT CONPOTHBEHVE 06Pa30BaHNIO YCaAOUHbIX
HaHOpa3MepHbIX TPELYMH B LLEMEHTHOM PacTBOPE, CNIOCOOCTBYET NMOABNEHNI0 HOBOOOPa30BaHWii B BUAE MMAPOCUINKATOB KanbLys,
MOBbILLAET Ha CTapTe nepuofa rmapatauumn KOHLEHTPALMIO MOHOB KasbLmA.

PaccmoTpenu BavaHne MogndurLrpoBaHHbIX NCCNefyemMbix HAHOA06aBOK B COCTaBe KOMMIEKCHOM [06aBKM Ha MexaHUYecKme
CBOWCTBA LIeMEHTHOM KOMNO3uumu. M3yumnm Komnineke mexaHn4yeCcKnx CBONCTB LIeMEHTHOrO HaHOAPMUPOBAHHOIO KaMHA B MPO-
Liecce LleMeHTPOBaHMA 3aTPYOHOro NPOCTPaHCTBA JOObIBAIOWNX CKBaXXWH PEHTTEHOBCKMM 1 TEPMUYECKIM METOAAMMN aHanun3a,
3TO MOATBEPANIO SKCNEPUMEHTbI C MPUMEHEHNEM SNEKTPOHHOI 1 ONTUYECKON MUKPOCKONUN.

WccnenoBany MMKPOCTPYKTYPHbIE 311eMEHTbI LIeMEHTHOrO 06pasLia ¢ NpUMEHeHNEM BbICOKOPa3peLLALLEro aBTOIMUCCUOHHOTO
CKaHMPYIOLLEro 31eKTPOHHOro Mukpockona Merlin komnaHun CARL ZEISS.
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YcTaHOBMEHO, UTO J06aBNeHVe KOMMEKCHON HaHoMoanbULMpoBaHHo fobaskn TUBALL crnoco6cTByeT yckopeHmio Habopa
NPOYHOCTUN LIeMEHTHOIO KOMMO3K1Ta Ha PaHHel CTaAuy TBEPAEHNA, YMEHbLLIEHMWIO 3HAYEHUA YCaJOYHbIX HAHOTPELLMH, YTO, B CBOIO
ouepenb, NONIOXKNTENBHO XapaKTepr3yeT KaUeCTBO KOHTAKTOB Ha rpaHuLax LeMeHT-06caiHas KONTOHHA, MOPOoAa-LIEMEHT.
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INTRODUCTION

Modern research in the field of nanotechnology is
supported by the government of the Russian Fed-
eration and is included in the list of priority areas for
the development of science and technology. The Repub-
lic of Tatarstan gives proper heed to the creation of new
products modified by nanotubes [1].

Scientific practical interest particularly focused on im-
provement of the operational properties of concrete based
on its modification with the addition of chemical addi-
tives, such as carbon nanotubes to produce the necessary
import-substituting and export-oriented articles [2—4].

In accordance with the order of the Cabinet of Min-
isters of the Republic of Tatarstan of July 16, 2015.
No. 1561, activity plan was developed to support the cre-
ation of products based on single-walled carbon nano-
tubes (TUBALL) at the enterprises of the Republic of Ta-
tarstan for 2015—2018, namely, methods for introducing
nanotubes into various building materials, determination
ma the strength characteristics of building materials de-
pending on the technological input modes, contents and
properties of TUBALL nanotubes.

At the present stage of nanotechnology development,
the study of the properties of concrete modified by nano-

tubes is also of interest from a scientific and practical

point of view [5—7].

There are certain requirements for cement stones.
If cement stone is used in wells, it is necessary to change
the indicators of water separation and filtration, setting
time, thickening time, and to improve sedimentation sta-
bility in nanoreinforcing process [§—10].

There are different types of nanoadditives [11—13]. It is
most rational to use elongated nanoparticles to improve
the physicochemical properties of cement stone [14, 15].
Among them, carbon nanotubes can be distinguished.
They have several advantages: high strength, inertness to
alkalis and acids, they also well reinforce cement mortar
and represent crystallization centers, turn cement com-
posites into high-strength material [16—18].

To modify the structure of cement composites with
nanosized particles, two directions are used [19—21]:

— targeted growth of nanoscale particles to modify
the structure in a hardening binder system,;

— preliminary synthesis of nanosized particles, their sub-
sequent introduction into the desired composition.
Currently, the second method is mostly used, how-

ever, due to the high surface activity of nanosized tubes

in the synthesis process, they are combined in the form
of powdery granules into conglomerates, and this by
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the volume of the composite solution makes their uni-
form distribution difficult. As a result, this technology
contributes to the production of a material having a high
heterogeneity in density, strength, and other properties
[22—-24].

MAIN PART

Studies of the effect of nanotubes on the properties
of cement mortar, which is a model of heavy concrete,
were presented [25, 26]. The cement-sand mortar con-
sisted of cement and sand in a ratio of 1:3. Then it was
shut with water from the water supply, and a suspension
of carbon nanotubes in a solution consisting of water,
a hydrophobizing agent and a mixture of hyperplasticizer
was previously mixed in it. Preliminary, all components
of the solution were subjected to ultrasonic dispersion
to ensure a homogeneous mass of this suspension [27].
The ultrasonic dispersion process lasted 3.5 minutes,
the volume of the suspension was 100 ml, and the power
was 100 watts. As a hyperplasticizer, an additive with
a high early strength set of Remicrete SP 60 based on
polycarboxyl ethers was used. As a water-repellent ad-
ditive, Tiprom-S was used, having an organosilicon
composition of 55% concentrate based on potassium
alkyl siliconate.

TUBALL carbon nanotubular material manufactured
by OCSiAl.ru LLC was used as a complex additive with
a hydrophobizing agent and hyperplasticizer. Single-
walled nanotubes had a specific geometric surface from
90 mg to 130 mg, multilayer nanotubes had a specific
geometric surface from 180 mg to 200 mg [5]. The specific
surface area was determined with the Bruner-Emmett-
Teller (BET) multipoint method.

The optimal dosage of carbon nanotubes in cement
concrete was experimentally determined. For single-
walled carbon nanotubes, it amounted to 0.005% by
weight of the cement composition, and for multilayer
carbon nanotubes, it was 0.0005% by weight of the ce-
ment composition.

In the process of conducting experimental studies, it
was clarified and revealed that the addition of TUBALL
carbon nanotubes to the cement composition contributed
to the formation of a network structure. This structure, in
turn, resists the formation of nanoscale shrinkage cracks
in the cement mortar, contributes to the appearance
of neoplasms in the form of calcium hydrosilicates, and
increases the concentration of calcium ions at the start
of the hydration period.

The effect of the studied modified nanosupplements in
the composition of the complex additive on the mechani-
cal properties of the cement composition is considered.
The complex of mechanical properties of cement nano-
reinforced stone in the process of cementing the annular
space of production wells by X-ray and thermal analysis
methods was also studied, that confirmed electron and
optical microscopy experiments [28—30].

In accordance with GOST 310.4-81 «Cements. Meth-
ods for determining the ultimate strength in bending and
compression» experimental work was carried out using
cement based on Portland cement clinker CEM 11 / A
32.5H manufactured by «Ulyanovsk Cement Plant». As
a filler of a shallow medium, sand was used from the Ka-
mskoe Ustye deposit, having a particle size modulus
of 2.7. The dosage of nano-additives was taken as a per-
centage of the mass of cement (table 1).

To investigate microstructure of cement a high-resolu-
tion Merlin field-emission scanning electron microscope
from CARL ZEISS was used, which is applied to measure
linear microrelief sizes of solid-state structures. Test chips
of the cement composite were sprayed in a 80/20 ratio
with an Au / Pd alloy in a Quorum 150 T ES vacuum
unit. To conduct fundamental research on the proper-
ties of nanomaterials, the analytical equipment of the
Center of Nanotechnologies of the Republic of Tatarstan
LLC was used — a Smartlab automatic X-ray diffractom-
eter (RIGAKU) and a STA 6000 synchronous thermal
analyzer (PERKIN ELMER), which makes it possible to
measure thermophysical characteristics (temperature and
heat of physicochemical reactions and phase transitions).

Table 1
Dosage of nano-additives
. Supplement dosage, %
Number of composi- Single L Carb Multil Carb
ti - ingle Layer Carbon ultilayer Carbon
on Hyperplasticizer Water repellent Nanotubes Nanotubes
1 0 0 0 0
2 1 0,1 0 0
3 1 0 0 0
4 1 0,1 0,005 0
5 1 0,1 0 0,0005
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Using this equipment, the compositions of the hydration
products of the modified Tuball nanotubes and the initial
cement stones were studied. Electronic images of samples
of cement stones are shown in the figure.

Fig. Electronic images of samples of cement stones:
a) control sample (magnification 10,000);

b) a sample with single-walled nanotubes

(an increase of 10,000);

¢) a sample with multilayer nanotubes
(magnification 5000)

An analysis of the figure shows that the addition
of carbon single-walled nanotubes promotes the forma-
tion of a dense fine-crystalline homogeneous structure
in comparison with the control composition of cement

Table 2
Mechanical properties of modified cement stone
Strength, M Pa
Number The water-cement q - = hen bendi
i ratio of the control under compression when bending
of composition
sample, % 7 days 28 days 7 days 28 days
| 42 39.96 39.96 4.19 4,96
100 100 100 100 100
) 32 44,90 44,90 5.04 5,76
76 122 122 130 126
3 32 50,35 50,35 5,67 6.44
76 129 129 135 130
4 32 51,95 51,95 591 6.74
76 146 146 141 136
5 32 47,95 47,95 4,94 5,90
76 119 119 118 119
Note. Numerical values are above the line, relative values in% of the control are below the line.
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stone. When carbon multilayer nanotubes are added to
the cement composite, the microstructure of the cement
sample is characterized by a more loose inhomogencous
structure. The mechanical properties of the modified ce-
ment stone are given in table 2.

From the analysis of table 2 it follows that introduc-
tion of additives Remicrete SP60 (composition No. 3)
to the cement composition increases the strength char-
acteristic when bending the cement after 7 days of nor-
mal hardening by 35%, after 28 days by 30%, and under
compression, an increase in strength is 42% and 22%,
respectively, with respect to the control composition.

The modified cement mortar, in which single-walled
carbon nanotubes are dispersed in a solution of hyperplas-
ticizer and water repellent (composition No. 4), showed
a maximum increase in strength. The strength charac-
teristics during bending for 7 and 28 days of hardening

BBEJEHUE

COBpeMeHHHe WCcCaeaI0BaHUsI B 00J1aCTH HAHO-
TEXHOJIOTUI IMomaepkuBaoTcsa [1paBUTETECTBOM
Poccniickoit denepaniiy M BHECEHBI B CITMCOK TIPH-
OPUTETHBIX HAIPaBJICHUI Pa3BUTUSI HAYKN W TEXHUKH.
B Pecniy6iuke TaTtapcraH yaensieTcsl OKHOE BHUMA-
HHE CO3IaHMIO HOBOH IMPOMYKIINN, MOTU(DUIINPOBAHHOMN
HaHOTpyOKamu [1].

Oco0BIi1 HAYYHBI MPaKTUIECKUIT MHTEpEC TIpe-
CTaBJISICT YAYUYIICHWE 3KCIUIYaTAaIlMOHHBIX CBOMCTB
0OeToHa Ha OCHOBE ero Moau(pUKaLUKU ¢ 100aBJIeHUEM
XUMHIYECKUX J00AaBOK, a UMEHHO YIJIEPOTHBIX HAHOTPY-
OOK IUTS TIPOM3BOACTBA HEOOXOIMMBIX MMITOPTO3aMeIIa-
FOIMX 1 9KCTIOPTOOPUEHTUPOBAHHBIX ITPOAYKTOB [2—4].

B coorBerctBuUU ¢ pacmopskenunem KM PT
ot 16.07.2015r. Ne 1561 pa3paGoTaH I1aH MEPOIIPUSITUIA
10 TIOMACPXKKE CO3MAHUS MPOAYKTOB Ha OCHOBE OTHO-
CTCHHBIX yIIIepoaHbIX HaHOTPYOoOK (TUBALL) Ha ripen-
npuaTusx Pecniyommku Tatapctan Ha 2015—2018 ronpl,
a IMCHHO MCTOINKM BBEICHMS HAHOTPYOOK B pas3imd-
HBIC CTPOUTCIBHBIC MaTepPHUAIIBI, OIIpeae/IeHIE TIPOoY-
HOCTHBIX XapaKTePUCTUK CTPOUTEIBHBIX MaTepHaIOB
B 3aBUCHUMOCTH OT TeXHOJOTMYECKUX PEKMMOB BBOJIA,
conepxaHus u cBoicTB HaHOTpyOOoK TUBALL.

Ha coBpeMeHHOM 3Tare pa3BUTHS HAHOTEXHOJIOT U
W3y9IeHHNE CBOMCTB OeTOHA, MOTU(DHUIIMPOBAHHOTO HAHO-
TPYyOKaMH, IIPEICTaBIISICT COOO0I MHTEepeC 1 ¢ HAyYHOM,
U TIPaKTUYECKOM TOUeK 3peHus [5—7].

K meMeHTHBIM KaMHSIM TIPEIBSIBIISTIOTCS OTIPEICIICH-
HbIe TpeboBaHMS. B ciyyae ecim eMeHTHBII KaMeHb HC-
TIOJTB3YeTCsI B CKBAXKITHAX, TO TIPW HAHOAPMHPOBAHNH TPE-

increase by 41% and 36%, respectively, with compression,
the increase in strength is 55% and 46%, respectively, with
respect to the control composition.

The addition of carbon multilayer nanotubes to ce-
ment stones compared to single-layer ones is character-
ized by less effect on the strength of the cement compos-
ite, both in bending and in compression (composition
No. 5).

CONCLUSION

It was found that the addition of a complex nano-
modified additive helps to accelerate the curing of the ce-
ment composite at an early stage of hardening, to reduce
the value of shrinkage nanocracks, that in turn positively
characterizes the quality of the contacts at the cement-
casing, rock-cement boundaries.

OyeTcsl UI3MEHUTH TTOKA3aTeIM BOMOOTACICHUS 1 (DHITh-
TpalK, CPOKOB CXBAaThIBAHUSI, BPEMEHM 3aryCTeBaHU,
VIIy4IIeHUsI CeAMMEHTALIMOHHOM ycToitunBocTy [8—10].

CymiecTBYIOT pa3Hble BUIBI HaHOH00aBoK [11—13].
Haubomee pallmoHaIBHO MTPUMEHSITH BEITIHYTBIC HAHO-
YACTHIIBI IS VAYIIICHUS (PU3UKO-XUMHIUIECKIX CBOMCTB
eMeHTHoTo KaMH4 [14, 15]. Cpeny HUX MOXHO BBIfIE-
JINTH YTJIePOIHBIe HAHOTPYOKM. OHM 00JIagaioT PSIOM
JMOCTOMHCTB: BBICOKAST IIPOYHOCTD, MHEPTHOCTB K IIIEJIO-
YaM UM KICIIOTaM, XOPOIIIO apMHUPYIOT IIEMEHTHBINA pac-
TBOp, TIPEICTABIISIIOT COOOM IIEHTPHI KPUCTAJUIN3AINH,
IIpeBpaIIaloT IEMEHTHBIC KOMITO3UTHI B BEICOKOIIPOY-
HBIN MaTepuain [16—18].

st MomuULIUPOBaHUS CTPYKTYPHI LIEMEHTHBIX
KOMITO3UTOB HAaHOPa3MEPHBIMHU YaCTUILIAMU ITPUMEHSI-
IOTCsI ABa HatpaBieHud [19—21]:

— IIeJIeHaIIpaBJIeHHOE BRIpAIIBAHIE HAHOPA3MEPHBIX
YACTHUII IIST MOTU(DUIIMPOBAHUSI CTPYKTYPHI B TBEP-
NCIOIIEH BSDKYIIEH CUCTEME;

— TIpeIBapUTEIbHBIN CHHTE3 HAHOPa3MEepPHBIX YACTHII,
ITOCTIeAyIOIIee NX BBEICHUE B TPEOYEMYIO KOMITO3H -
LIHIO.

B HacTostmmee BpeMsi HanOoJIbIIee pacIpoCcTpaHe-
HHE TOJIyYIJT BTOPOU METOII, OMHAKO B CHJIY BBICOKOM
ITOBEPXHOCTHOI aKTMBHOCTU HAHOPa3MEPHBIX TPYOOK
B IIpoIIecce CMHTE3a OHU OOBEAMHSIOTCS B BUIE ITOPOIII-
KOOOpa3HBIX TPaHyJI B KOHTJIOMEPATHI, a 3TO IT0 00BEMY
KOMITO3MIIMOHHOTO pacTBOPA 3aTPYIHSIET UX paBHOMED-
HOE pacIipenesicHre. B pe3yabTaTe 3Ta TEXHOJIOTHS CITO-
COOCTBYET TTOTyYCHUIO MaTepraja, IMEIOIIETO BHICOKYIO
HEOTHOPOMTHOCTb MO TUIOTHOCTH, IIPOYHOCTH U APYTUM
cBo¥icTBaM [22—24].
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1. DKcnepuMeHTAIbHbIE HCCIIeTOBAHNS HAHOMOIN(H -
HHPOBAHHOTO IIEMEHTHOT0 KAMHS

[MpuBOIMINCH MCCICIOBAHNS BIUSHIS HAHOTPYOOK
Ha CBOMCTBA LIEMEHTHOTO PacTBOPA, IIPEICTABIISIONICTO
co0oit Moeb TsKesoro 6eroHa [25, 26]. LlemenTHo-
TIeCYaHBII paCTBOP COCTOSUT M3 IIEMEHTA 1 TIeCKa B COOT-
HomreHuu 1:3. Jlaee ero 3aTBOPSIIN BOIOI M3 BOIOIIPO-
BOIa, a B Hell 3apaHee pa3MelnBaIach CyCIIeH3HS yIJIe-
POIHBIX HAHOTPYOOK B PACTBOPE, COCTOSIIIEM M3 BOIBI,
rugpogobu3zaropa U cMecu runepruiacTudukaropa.
[IpenBapuTeIbHO Bce KOMITOHEHTHI pacTBOpa ITOIBEP-
TaJTCh BO3MEUCTBUIO YIIBTPA3BYKOBOM NMCTICPTAIlii TSI
o0ecIieYeHIST OMHOPOTHOM MacChl JAHHOU CYCIICH3UH
[27]. TTpotecc yabTpa3BYKOBOTO AUCHEPTUPOBAHUS
JUTMIIC 3,5 MUHYTBI, 00BeM cycrieH3un coctaBmt 100 v,
a moirHocTh — 100 Bt. B KadecTBe runepruracturkaTo-
pa MpUMEHsUTach T00aBKa ¢ BLICOKUM PaHHUM HaOOpOM
npounoct Remicrete SP 60 Ha ocHOBe MOJMKapOOKCH-
natadupoB. B kauecTBe runpododusnpyronieil 1o6aBK1
ucronb3oBaiics Tunmpom-C, UMeIommit KpeMHUIOpTa-
HUYECKUIi cocTaB U3 55%-0ro KOHILIEHTpAaTa Ha OCHOBE
ATKUJICUIMKOHATA KaJIus.

B kauecTBe KOMIUIEKCHON 1006aBKU ¢ TUAPOGOOU-
3aTOPOM U THIICPIIACTH(PUKATOPOM IIPUMEHSIIINCH
yrjaepoaHblit HaHOTYOysIpHBIN MaTepuan TUBALL
npousBoactBa OO0 «OCSiAl.ru». OgHOCTOIHbBIE Ha-
HOTPYOKHM UMEJIH YISIbHYIO TeOMETPUUCCKYIO TTOBEPX-
HOCTH OT 90 mo 130 MT, MHOTOCJIOITHBIC HAHOTPYOKM
— YOENIBbHYIO TEOMETPHUICCKYIO TTOBEPXHOCTH OT 180
1o 200 mr [5]. YaenbHag TOBEPXHOCTD OTpeaessiach
10 MHOTOTOUYEUYHOMY MeTomy bproHepa-Ommera-Ten-
nepa (b3T).

DKCIEPUMEHTAIBHO OTIPEISIIMIIA OITUMATBHYIO T0-
3UPOBKY YITIEPOIHBIX HAHOTPYOOK B COCTaBE IIEMEHTHO-
ro 0eroHa. /1J1st OMHOCIOMHBIX YIVIEPOIHBIX HAHOTPYOOK
oHa cocrasuia 0,005 % ot Macchl IEMEHTHOI KOMIIO-
3ULUNA, a It MHOrocaoiHbIX — 0,0005% ot macchl 1ie-
MEHTHOM KOMITO3UIINH.

B mpomecce mpoBeneHNs SKCIIEpUMEHTATBHBIX HC-
CJIeIOBAaHWI YTOUHWIIM U BBISIBUJIN, UTO TOOaBICHUE
yriepoaHbix HaHOTPYOOK TUBALL B ieMeHTHYI0 KOM-
IMO3UIINIO CITOCOOCTBOBAIO 00Pa30BaHUIO CETIATON
CTPYKTYpPBL. DTa CTPYKTYpa B CBOIO OUEPEIh OKA3BIBACT
COMPOTUBJICHIE 00pa30BaHNIO0 HAHOPAa3MEPHBIX yca-
JIOYHBIX TPEIIMH B IIEMEHTHOM PacTBOPE, CIIOCOOCTBYET
TIOSIBJICHUIO HOBOOOPA30BaHUI B BUIIE TUAPOCUINKATOB
KaJIbIIMs, TIOBBIIIACT HA CTapTe IMepruona TUapaTalun
KOHIICHTPAIINIO MOHOB KaJIbIINSI.

PaccMmoTpeHo BIMSHIE UCCICTYSMBIX MOTU(MUIINA-
pPOBaHHBIX HAHOZ00aBOK B COCTaBE KOMIUIEKCHO [10-
0aBKM Ha MEXaHUYECKHE CBOMCTBA IIEMEHTHOI KOM-
mo3uunu. Takke M3y4eH KOMIUIEKC MEXaHMICCKUX
CBOWCTB IIEMEHTHOTO HAHOAPMUPOBAHHOTO KaMHSI
B TIpoliecce IEMEHTUPOBAHUS 3aTPYOHOTO IIPOCTpaH-
CTBa TOOBIBAIOIINX CKBAXXIH PEHTITCHOBCKUM U TEPMU-
YeCKMM METOIAMU aHalln3a, 4TO SIBUJIOCH ITOATBEPK-
IeHUEeM SKCIICPUMEHTOB 3JICKTPOHHOM 1 OIITHICCKOM
MUKpockonum [28—30].

B cootBercTBUmM ¢ TOCT 310.4-81 «IlemeHTHI. Me-
TOIBI OTIpeACICHUS TIpeaesia IIPOYHOCTU TIPU U3TH0e
1 CXXATHH» BBITIOJTHSUINCH 9KCTICPUMEHTAIbHBIC paOOTHI
C UCIIOJIb30BaHMEM IIEMEHTAa Ha OCHOBE MOPTJIAHIIIC-
MeHTHOrO KirHKepa LIEM III/A 32.5H mpousBoncTBa
«YIIBSTHOBCKMI IEeMEHTHBIN 3aBOI». B KauecTBe 3amoi-
HUTEJIST MEJIKOI Cpebl IIPUMEHSIICS TIECOK M3 MECTO-
poxnennst Kamckoe YcThe, MMEIOMINIT MOIYIb KPYII-
HocTHu 2,7. JJ0o3MpoBKa HAaHOA00aBOK MPUHUMAIACh
B TIPOIICHTHBIX COOTHOIICHUSIX OT MAacCHI IIEMEHTHOTO
pactBopa (Tadm. 1).

HccaenoBanym MUKPOCTPYKTYPHI LieMeHTa. 715 3T0-
IO TIPUMEHSUTN BRICOKOPa3PEeIIaioIiii aBTOIMUCCHUOH-
HBIM CKAHUPYIOLINI 3JIEKTPOHHBIN MUKpocKomn Merlin
kommanum CARL ZEISS, koTopbiit NCTTONB3yeTCs IS
BBITIOJTHCHUST U3MEPEHUN JIMHESWHBIX MUKPOpeETbed-
HBIX Pa3MEpPOB TBEPAOTEIbHBIX CTPYKTYp. IIpoOHBIE
CKOJIBI IIEMEHTHOTO KOMIIO3MTa HAIIBIISUIM B COOTHO-
meHnu 80/20 crmaBoM Au/Pd Ha BaKyyMHO# ycTaHOBKE

Tabauya 1
lo3npoBKa HAHOTO0ABOK
Jlo3upoBKa 100aBOK, %
Homep (011 (0T (13711803 MHorocnoiinbie
€oCTaBa | Tynepmuacruukarop | Tuapodoodusarop yIJIepOaHbIE yIJIepOaHbIE
HAHOTPYOKH HAHOTPYOKH
1 0 0 0 0
2 1 0,1 0 0
3 1 0 0 0
4 1 0,1 0,005 0
5 1 0,1 0 0,0005
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Quorum 150 T ES. [y mpoBeneHust hyHIaMeHTaTbHBIX
WCCTIeIOBAaHNI CBOMICTB HAHOMATEPUAJIOB IPUMEHSUIOCH
aHaymTIIecKoe obopymoaaue OO0 «LleATp HaHOTEX-
Hostoruit Pecrydnuku TatapcTtaH» — aBTOMaTAUYECKUAN
peHTreHoBCcKMil nudpakromerp Smartlab (RIGAKU)
U CUHXpOHHBII Tepmoananusatop STA 6000 (PERKIN
ELMER), KoTOpHIif 1acT BO3MOXKXHOCTh U3MEPSITh Tep-
MobU3NIECcKNe XapaKTepUCTUKU (TeMIlepaTypy W Te-
TUIOTY (PUBUKO-XUMUYECKUX peakiuii U (pa3oBbIX Tie-
pexonoB). C TTOMOIIIBIO 3TOTO 000PYIOBAHUS U3YIWIIN
COCTaBbI MPOIYKTOB TUAPATALINY MOTU(DUITUPOBAHHOTO
HaHoTpyokamu Tuball 1 MCXOTHOTO IIEMEHTHBIX KAMHET.
DJIeKTPOHHBIE CHUMKHU 00pPa3I0B IIEMEHTHBIX KaMHEH
TIPUBENIEHBI HA PUC.

AHanM3 puc. TOKa3bIBaeT, YTO J00ABIICHUE YTIIEPOJI-
HBIX OTHOCIIOMHBIX HAHOTPYOOK CITOCOOCTBYET 00pa3o-
BAHMIO IUIOTHOM MEJTKOKPUCTAIIINYECKON OIHOPOIHOM
CTPYKTYPBI TIO CPABHEHUIO C KOHTPOJIBHBIM COCTABOM
1eMeHTHOTO kamHs. [Ipu mobGaBieHUN yriaepoaHbIX
MHOTOCJIOWHBIX HAHOTPYOOK B IIEMEHTHBIN KOMITO3UT
MMKPOCTPYKTypa IIEMEHTHOTO 00pasiia OTim4aercst 00-
Jiee PbIXJION HEOTHOPOJHOM CTPYKTypoil. MexaHndeckue
cBOlCTBAa MOAUGMUIIMPOBAHHOTO IIEMEHTHOTO KaMHS
TPUBENIEHBI B TA0. 2.

Puc. DnekTponHbie CHUMKH 00pa3ioB
IeMEHTHBIX KAMHEeI:

a) KOHTPOJIbHBIIA 00pa3en (yBemmuenue 10000);
0) oOpasel ¢ OMHOCJIOHHBIMI HAHOTPYOKAMH
(yBemaenne 10000);

B) 00pa3el ¢ MHOTOC/IOIHBIME HAHOTPYOKAMu
(yBenmmuenue 5000)

W3 ananm3sa 1abi. 2 cieayeT, 9To IIpH J00aBICHUHN
B LIEMEHTHBIN COCTaB TOOABKM C BHICOKMM paHHUM
Ha6opoM nipouHocTu Remicrete SP60 (coctas Ne 3)
MPOYHOCTHASI XapaKTEePUCTUKA TIPU M3TUOe 1IeMEHT-
HOTO pacTBopa yepe3 7 CyTOK HOpMaJTbHOTO TBEPIAEHUS
yBesmuuBaetcst Ha 35% , yepes 28 cytok — Ha 30%,
a MPY CKaTUU MTOBBIIIIEHUE TTPOYHOCTH COCTABIISIET CO-
OTBETCTBEHHO IO OTHOIIEHUIO K KOHTPOJIbHOMY CO-
ctaBy 42% n 22%.

MonuduirpoBaHHBIN IIEMEHTHBIN PacTBOp, B KO-
TOPOM OJHOCJIOWHBIC YIJIEPOAHbIC HAHOTPYOKU JHC-
MeprupoBaHbl B pacTBOpe TUIlepILiacTUdUKaTOpa
u ruapodobuzaropa (coctaB Ne 4), mokasan MakcH-
MaJIbHBIN TIPUPOCT TIpoyHOCTH. [IpouHOCTHAsST Xapak-
TEpUCTUKA TIPU U3rube Ha 7 U 28 CYyTKU TBEpACHUS
yBenmnunBaeTcs Ha 41% u 36%, COOTBETCTBEHHO, TIPU
CXKaTHU TTOBBIIEHUE TIPOYHOCTU COCTABIISIET COOT-
BETCTBEHHO 110 OTHOIICHUIO K KOHTPOJBLHOMY COCTaBY
Ha 55% 1 46%.

JloGaByieHHe yriepOIHBIX MHOTOCTIOMHBIX HAHOTPY-
OOK B LIEMEHTHBIE KAMHU IO CPABHEHUIO C OTHOCIIONHBI-
MU XapaKTepU3yeTcss MEHBIIMM BIIMSTHAEM Ha POYHOCTh
LIEMEHTHOTO KOMITO3UTa, KaK Mpu U3TuGe, Tak U Mpu
cxatuu (coctaB Ne 5).
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Tabauya 2
Mexanuyeckue cBOiCTBa MOIU(HIHPOBAHHOIO IIEMEHTHOTO KAMHS

BoxounementHoe IIpounocts, MIla
Howmep OTHOILIEHHE TIPU C3KATHH npu u3rude
coCTaBa KOHTPOJILHOIO
obpasia, % 7 cyToK 28 cyTok 7 cyToK 28 cyTok
| 42 39,96 39.96 4.19 4,96
100 100 100 100 100
) 32 44,90 44,90 5.04 5,76
76 122 122 130 126
3 32 50,35 50,35 5,67 6.44
76 129 129 135 130
4 32 51,95 51,95 591 6,74
76 146 146 141 136
5 32 47,95 47,95 4,94 5,90
76 119 119 118 119

Hpujweuanue. Han ‘{epTOﬁ — YUCJIOBBIC 3HAYCHMA, IO qepTOfI — OTHOCHUTEJIbHBIC 3HAYCHUS B % OT KOHTPOJIbHBIX.

3AKTIOYEHUE
CTaguu TBEPACHUA, YMECHBIICHNIO 3HAYCHMA YCAJOYHBIX
yCTaHOBJ’IeHO, 4TO 100aBIEHUE KOMITJIEKCHOM HAaHO- HaAHOTPCUINH, YTO B CBOIO OYEPEADb ITOJTOKHUTCIIBHO Xa-
MO,Z[I/ICbI/ILII/I]I)OBﬁHHOﬁ 00aBKU CHOCOﬁCTByeT YCKOPEHUIO PAKTECPUIYET KAUYECTBO KOHTAKTOB Ha rpaHUIIaxX HEMCHT-
Ha60pa IIPOYHOCTU LIEMEHTHOI'O KOMIIO3HTa Ha paHHeﬁ obcanHas KOJIOHHa, Imopoaa-ucMeEHT.
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Abstract: To control water production, it is necessary to seal the channels of 20-25 mm thickness in the cement sheath at a depth
of hundreds and thousands of meters. The most promising solution is the use of self-healing cements.

The concept of self-healing materials has been known since the 1980s due to the studies of Donald Jud. The most fundamental
works are by Sybrand van der Zwaag, Sheba D. Bergman and Fred Wudl, Richard P. Wool, D.Y Wu, N.R. Sottos, Erin B. Murphy, Henk
Jonkers, who substantiated the concept, suggested technologies and additives to restore the integrity of polymer and cement
materials.

Despite active research in this area, Schlumberger is the only service company which elaborated and successfully applied the
«self-healing» well cement called Futur.

The authors of the article set the task of well cement modification that enables autonomous «healing» of water-conducting
channels through which formation water migrates.

The following materials were used in the study: polyacrylamide (PAA), water-swellable polymer (VNP V-615), sodium polyacry-
late (SP), cross-linked PAA copolymers, active waterproofing mineral additives and swelling elastomers. Most of the additives have
a degree of swelling of more than 150%, they effectively reduce a permeability of the cement stone, however multi-layer coating is
required to control the speed of their swelling. A significant drawback of the analyzed materials was the complexity of the coating.

A cross-linked AA copolymer based on anionic polycrylamide was the most effective reagent, which was easy to cover with
a water-soluble shell. The cement stone with integrated agent of AA copolymer demonstrated a permeability of 0.0018 um? with
the strength of the samples for bending at the age of 2 days equal to 8.0 MPa.

Keywords: cement stone, water passages, water absorbing reagents, modifying additives, triggering mechanism, autonomous
cement sheath repair, self-healing cements.
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CamosaneunBaowjmecs LeMeHTbl —
KJII0Y K COXPaHEHUIO repMeTUYHOCTU Kpenu CKBa)KMH.
Yactb 1
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Pe3iome: [Ins orpaHNYeHUA BOAONPUTOKA B CKBaXKMHAX HEOOXOAMMO repmMeTu3npoBaTh KaHasbl B LLIeMEHTHOM KOoJibLie TON-
WrHOMN 20-25 MM, Ha ryOrHe COTEH 1 TbicAY MeTPOB. Mpyr 3TOM Haubosnee NepPCneKTUBHbBIM PELLEHNEM ABNAETCA MPUMEHeHVe
CcaMO3aneunBaoLLMXCa LLeMeHTOB.

PaboTbl Mo NonyyeHro CaMOBOCCTaHaBIMBAOLWMXCA MaTePUANoB Hayanucb ¢ 1980-x ronos, ¢ paboT JoHanbaa Oxyaa. Wn-
POKYI0 M3BeCTHOCTb nonyuunu paboTtol CubpanasaH fep Ligaara, We6a [. beprmaHa n ®pepa Byana, Puuappa M. Byna, [.. By,
H.P. CotToca, dpuHa b. Mepdu, XeHka [I>koHKepca, KoTopble 060CHOBaNN KOHUENUWY, NPeanoXuiv TeXHONorum n 4o6aBku ans
BOCCTAHOBJIEHUA FePMETUUYHOCTY NMONIMMEPHbIX U LleMEHTHbIX MaTepuanoB. HecMOTpA Ha akTMBHOe pa3BUTMe 3TOro Hanpasse-
HMA nccnefoBaHUi, TONbKo KoMnaHuA Lntombepike ocTaeTca eANHCTBEHHON, pa3paboTaBLuei 1 yCrnelwHo npruMeHaioLen ana
LleMEeHTMPOBaHUA CKBaXKMH «CaMO3anieunBatoLmnnca» uemeHT «Futury.

ABTOpamMu CTaTbU CTaBMIACh 3afava MOANGULMPOBaHNA TaMMOHAXKHbIX LIEMEHTOB, CMOCOOHBIX K aBTOHOMHOMY «3afieunBa-
HMI0» BOAOMPOBOAALMX KaHaJI0B MPUTOKa NiacTOBOW BOAbI.

B nccnepoBaHumaAx ncnonb3osaHbl nonmakpunamug (MAA), BogoHabyxatowwmii nonnmep (BHIM B-615), nonnakpunat HaTpuaA
(MAH), cumnTble cononumepsbl MAA, akTVBHbIE MAPOU30AMPYIOLME MHEepPabHble f06aBKM 1 HabyxatoLme snactomepbl. bonbLwmnH-
CTBO f06aBOK MMeeT cTerneHb HabyxaHua 6onee 150%, oHU 3PEKTUBHO CHMXKAKOT MPOHMLIAEMOCTb LIeMEHTHOTO KaMHS, HO AnA
perynmpoBaHua CKOPOCTH X HabyxaHnA HeOOXOAVMbI MHOTOC/IOHbIE 060/T0UKM, CO3AaHNE KOTOPbIX ABIAETCA CYLLECTBEHHbIM
HeOCTaTKOM BOJbLIMHCTBA MaTepUasos.

Hanb6onee 3¢ppeKTUBHLIM peareHToM ABMUCA CLLUUTBIN cononumep AA Ha OCHOBE aHVIOHHOTO MONIMKPUIaMIA], IEFKO NMOKpPbI-
BAOLWMIACA BOJOPACTBOPUMON 060N10UKON. LieMeHTHbIN KameHb ¢ fobaBkol cononumepa AA umen npoHnaemocTb 0,0018 mkm?
npv IPOYHOCTY Ha 13rnb B Bo3pacTe 2-x cyTok 8,0 MlMa.

Knroyeesbie cnosa: ueMeHTHbIN KaMeHb, BogonpoBoAAlmMe KaHalibl, CaMOBOCCTaHaBNMBawwmeca matepmuarbl, Tpmrrepru?l
MeXaHN3M, aBTOHOMHO€E CaMOBOCCTaHOBJIEHNE LEMEHTHOIO KaMHA.

Ana yumupoearus: Arsamos O.A., Vicmarunosa 3.P., Camo3aneunBatojnecs LemMeHTbl — KoY K COXPaHEHUI0 repMeTUYHOCTH
Kpenu ckBaxuH. Yactb 1 // HaHoTexHonornn B ctpoutenbcTee. — 2019. - Tom 11, Ne 5. - C. 577-586. — DOI: 10.15828/2075-8545-
2019-11-5-577-586.
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INTRODUCTION

he history of uneven-aged wells operation reveals

the vulnerability of cement stone while being exposed
to high dynamic loads and inner pressures as well as to
aggressive formation water seepage [1]. However, there is
a possibility to maintain the integrity of well lining as long
as an appropriate modification of well cement is chosen.
Many Russian and foreign scientists set the task of well
cement modification using special additives which can
effectively seal the space between the borehole wall and
the casing, as well as eliminate channeling thus preventing
the formation of a system of cracks and behind-the-casing
leaks. The most promising solution of the channel mend-
ing is the use of self-healing cements.

MAIN PART
Historical review

The concept of self-healing polymeric materials has
been known since the 1980s. In 1981 Donald Jud featured
a possibility of healing stealth micro-cracks for prolon-
gation the service life of the polymeric components [2].

The first articles, which further inspired scientists
of the entire world, were «Passive smart self-repair in
polymer matrix composite materials» published in Vir-
ginia, USA [3] and «Autonomic healing of polymer com-
posites» [4], which demonstrated successful attempts to
assess regularity of crack prolongation within polymeric
materials and the ability of range of polymeric materials to
repair the crack. In 2003 a group of researchers from dif-
ferent American universities demonstrated a self-healing
fiber-reinforced structural polymer, which was a matrix
composite material with microencapsulated chemical
catalyst and was exposed to the crack propagation and
room temperature [5]. Since that time, a period of interest
in self-healing mechanism and materials searching had
risen, attracted different organizations from architecture,
civil engineering to US air force [6] and European Space
Agency [7], which largely invested in self-healing poly-
mers studies.

The first overview of wide spectrum of self-healing
materials was written by professor of Deft University
of Technologies Dr. Sybrand van der Zwaag, who de-
scribed categories, different design approaches and factual
structural abilities of such materials as ceramics, poly-
mers and metals [8]. The confident self-healing stud-
ies of Deft University provided to the university holding
the First International Conference on Self-healing Mate-
rials in the Netherlands, 2007. At the same time a group
of American researchers developed a concept of effective
size encapsulating of self-healing polymers, comparing to
a possible max size of crack thus carried out the desirable
response of healing effect to damage [9].

In the journal of Materials Chemistry issued in 2008,
Dr. Sheba D. Bergman and Professor Fred Wudl, based
on the property of reversibility they fully described
the mend ability of polymers [10]. The same results were
confirmed and supplemented by the research group of the
University of Warwick, which proceeded the study of in-
trinsic healing in polymers in more details [11]. Professor
Richard P. Wool contributed into the material science
described mechanical and thermally induced damage
and healing for polymers, based on the related area
of polymer-polymer interfaces [12]. The team of D.Y. Wu,
in their article described the fracture mechanism and
concept of healing in polymeric systems, also proposed
methods for evaluating self-healing efficiencies [13]. The
full spectrum of self-healing applications was summed
up in the papers of Chinese researchers [14]. The team
of reputable and experienced in these matters N.R. Sottos
presented to the public a new concept of «Bio-inspired
materials for self-cleaning and self-healing», which dem-
onstrated perspective on self-repair through integrated bio
systems and damage-triggering autonomic response [15].
The first «Potential application of self-healing materi-
als in the construction industry» was officially reported
by the group of researchers from the Cardiff University,
which underlined durability issues relating to cement ma-
terials and anticipated a great demand for self-healing
concrete [16].

However, Schlumberger is the only petroleum service
company so far that devised advanced cement called Futur
and applied it to well cementing successfully. Moreover,
the role of repair activator in the Futur system hydro-
carbons plays. In case of cracks emergence in the ce-
ment stone, the first gas shows and after that formation
fluid comes, some constituents of hydrocarbons interact
with special additives in cement stone, thus within sev-
eral hours of activation a cement sheath is restored to
the original strength and durability. The crack is sealed,
no more fluid migration can be detected [17].

The overview of Erin B. Murphy, Fred Wudl then
encompassed «The world of smart healable materials».
The study presented a deep view of the field of stimuli-
responsive healable materials, beginning with a descrip-
tion of the healing of polymeric materials, shortly discuss-
ing the regular methodics for mending and maintenance
of composite materials [18].

In the Annual review of Material Researches, a group
of honoured authors reported a new approach toward safe,
long durable class of elastomers and different ways of ma-
terial coating [19]. From 2010 most of the literature was
devoted to the problems of encapsulation and transporta-
tion of different healing reagents [20, 21, 22] and inhibitors
for corrosion protection [23, 24]. Almost nine years were
spent by the Deft University research group working un-
der the control of microbiologist Henk Jonkers, to devise
a self-healing concrete, the successful application of which
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was announced in May, 14 2015. The concept is in species
of bacillus bacteria incorporation into the concrete. These
bacteria are encapsulated in biodegradable plastics that
will only burst open when interact with water. After being
exposed to water, the bacteria feeds on calcium lactate and
produce calcium precipitate, which is homogeneous to
cement material thus because of the adhering properties
is perfect as cement bonding material [25]. As the author
claims, the product will fit best for constructing under-
ground retainers for hazardous waste, but also will faultless
serve for tunnel-lining, structural basement walls, highway
bridges, concrete floors and marine structures.

Self-healing science accounts almost 35 years of study.
However, the biggest breakthrough has been done over
less than 15 years. It is explained by the development
of new route of engineering and chemical science called
nanotechnology, which allowed manipulation atomic
structure and size in order to create a new product.

The most fundamental studies were carried out by
researchers of USA and Netherlands. The range of heal-
able materials was identified, mechanism of self-healing
process, design approaches, transportation of mending
agent, encapsulation, triggering mechanism, living envi-
ronment of healing agents, methods for evaluating self-
healing efficiencies, functional testing conditions all these
and many others sides were enlightened.

Self-healing systems found application in various
fields. They were successfully adopted by construction en-
gineering. However, this “smart” cement system is a new
tendency for petroleum industry, thus requires more detail
study of triggering-healing mechanisms. Consequently,
there is a sharp relevance of setting the system with spe-
cial properties in order to ensure the reliable operation in
complex reservoir conditions.

The requirements to materials used for self-healing ce-
ments production

The authors of the article set the task of searching for
the range of materials most suitable for well cement mod-
ification that enables autonomous “healing” of water-
conducting channels which appear in the cement stone
due to various technological operations. The requirements
for the cement modifying additives were set in accor-
dance with the influence of alternating temperatures, high
pressures, humidity and periodic dynamic loads to which
a cased well is usually exposed.

We believe that they can be formulated as follows:

— the presence of a durable multilayer shell, which
should prevent premature swelling of the additive
during the cement slurry mixing and injection;

— the activation starts not earlier than after 6 hours after
cementing ends;

— the duration of self-healing effect — until the complete
stoppage of the water flow;

— the ability to block cracks ranging in size from 50 to
150 microns;

— the continued ability to repeat the activation on the pe-
riodic occurrence of the defects;

— no effect on the technological properties of the cement
slurry and cement stone.

Objects of the research

We believe that the water-swellable additive wrapped
in a water-soluble coating is firmly fixed in the pores of the
cement stone and cannot be washed out by water. When
a system of cracks is formed enabling formation water
passes through, then the additive is to swell thus filling
the entire volume of the cavity and shutting down a crack
through which the water filters [26].

The next materials were substantiated and afterwards
used in the study: polyacrylamide (PAA), water-swellable
polymer (VNP V-615), sodium polyacrylate (SP), cross-
linked PAA copolymers, active waterproofing mineral
additives and swelling elastomers.

The suitability for water absorbing was substantiated
for the each material; the experiments outcomes of the
materials swelling kinetics were demonstrated, as well as
the resistance to mechanical destruction.

Polyacrylamide (PAA) technical [—CH,CH
(CONH,)—|n, is a copolymer of polyacrylamide with
acrylates at a content of not more than 10%; it is made
of acrylonitrile CH, = CH—CN, which upon hydrolysis
in the presence of sulfuric acid yields acrylamide and
partially acrylic acid. Low molecular weight species PAA
can be used to as additives for the well sealing and ce-
ment stone filtration reduction. High molecular weight
species PAA are suitable for creation the elastic and du-
rable film possessing high flocculation ability. There are
temperature limitations, since PAA is thermally stable
up to 100°C.

Water-swellable polymer is a single macromolecule
sewn from molecular chains. An elastic net is formed by
the chains and the bonds between them, which in a dry gel
or partially filled with water is twisted and tightly packed
in a small volume of grains, for this the osmotic pres-
sure is a water-absorbing mechanism.The particle size
of WSP granules — no more than 2 mm, density ranges
from 1150 to 1200 kg/m?. Powdered WSP swells in fresh
water increasing in the volume by 80—100 times, and in
formation water (with mineralization of 150 gram per liter
and more) — by 50—60 times. The process of swelling and
WSP expansion does not depend on the pressure applied
to it; it is also resistant to the influence of temperature
(up to 170°C).

Sodium polyacrylate (SP) is a sodium salt of polyacrylic
acid with the chemical formula [-CH, CH(COONa)—|n
and is an anionic polyelectrolyte with a negatively charged
carboxyl group in the main chain. One of the main prop-
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erties of the compound is the ability to absorb liquids
200—300 times its weight. Sodium polyacrylate is well
soluble in water; it easily swells, and therefore is a good
thickener and gelling agent.

Waterproofing mineral additives (WMA) can also be
used for the cement stone sealing restoration. WMA’s
pozzolanic activity is determined by the presence of amor-
phous silica in the composition, which interacts with
Ca(OH),, forming highly dispersed calcium hydrosili-
cates with enhanced binding properties, which contributes
to both increasing the strength of the stone and reduc-
ing the size of pores, as well as reduces the cement stone
permeability. Acid ashes act in the same way, the poz-
zolanic reaction of which begins at the age of concrete
of 7—14 days, and most of the reaction takes place within
30 and 90 days [28].

Highly dispersed WMA, such as silica fume, metaka-
olin most actively interacts with lime at an early age
of 3 days. The high chemical activity of silica fume leads
to the fact that, according to some data, 25—30% silica
fume by cement mass can completely bind Ca(OH), in
the cement stone, whereas 60% ash by cement mass ap-
proximately 3—4% lime remains in the free state.

Water swellable elastomers are rubbers and rubber
compounds, which operate on the principle of osmosis,
the water is drawn into the elastomer and after retained
therein due to differential salinity across the elastomer
surface [29]. Swelling elastomers-polymers have highly
elastic properties, — by adjusting the recipe of elastomer
compositions, the dynamics of swelling in a particular me-
dium can be set (up to 400% or more), — the swelling rate,
the operating temperature, the physical and mechanical
requirements of the product, etc.

BBEJEHUE

CTOpPUS DKCIUTyaTallMu pa3HOBO3PACTHBIX CKBa-

JKMH MOKa3bIBAET, YTO LIEMEHTHBIN KAMEHb SIBJISI-
eTcsl HanuboJiee ysI3BUMbIM 3BEHOM M CITOCOOEH JIETKO
pa3pyliaThbCes Moj AeMCTBUEM JTUMHAMUYECKUX HAarpy30K
U JaBJIeHUM, IeMCTBYIOIINX U3HYTPU 00CaTHOI KOJIOH-
HbI, OT BO3/I€HACTBUS arpeCCUBHBIX IIACTOBBIX (JIIOU-
JIOB, IEWCTBYIOIINX CO CTOPOHBI TOPHBIX opox [1]. Oxn-
HaKo CYIIECTBYET BO3MOXHOCTb COXpaHEHMUSI LIEJOCT-
HOCTH KPeIU CKBaXKMHbI IIPU COOTBETCTBYIOLLEH MOIM-
(pukanum neMeHTOB. 3amMady IO YIYJIIICHIIO KauyecTBa
LIEMEHTHOTO KaMHSI C UCITOJIb30BAHUEM CITeLIMaIbHbIX
I06aBOK, CTTIOCOOHOTO 3(h(EKTUBHO TePMETU3NPOBATH
MPOCTPAHCTBO MEXY CTEHKOM CKBaXKMHBI U 00CATHOM
KOJIOHHBI, a TaKXe yCTpaHsITh KaHaj1000pa3oBaHue

Cross-linked copolymer AA is a superabsorbent based
on anionic polyacrylamide. It is a water-insoluble cross-
linked copolymer of acrylamide and potassium acrylate.
The polymers contain a set of polymer chains parallel
to each other. They are regularly connected by cross-
linking agents, forming a grid. When water contacts one
of these chains, it is drawn into the polymer molecule
by osmosis. Thus, water is stored, quickly migrating into
the polymer network. The cross-linked AA copolymer
absorbs the amount of water up to 500 times its mass,
turning into gels.

CONCLUSION

Thereby, the performed studies have shown:

— the cement stone in oil and gas wells is known to be
the most vulnerable element of the lining, which
can be easily destructed during technological opera-
tions carrying out inside the well, and there is almost
the only way to restore the cement stone integrity
which is in the usage of “self-healing” cement;

— analysis of foreign experience in the elaboration and
application of self-healing materials demonstrated
the high efficiency in various industries, as well as
showed a possibility of the successful application for
oil and gas wells cementing;

— requirements for materials which can be used as
modifying additives for self-healing cements were
substantiated;

— various types of polymeric materials were substantiated
and analyzed, and it was shown the crosslinked copo-
lymer AA, which is superabsorbent based on anionic
polyacrylamide, meets the most requirements.

IO MOMEHTa 00pa30BaHUS CUCTEMBI TPCIIUH U 3a-
KoJoHHOU tmpKynsnuu Bogsl (3KII), craBsr mepen
0001 MHOTHE POCCUICKIE U MHOCTPAHHBIC YICHBIC.
OODHUM U3 IepCIEeKTUBHBIX PEeIICHU yKa3aHHOU 3a-
JTauy SIBJISETCS MIPUMEHEHNE «CaMO03aJIeYMBaIOIINXCSI»
IIEMEHTOB.

OCHOBHAS YACTb
HcTopuueckuii 0630p

KoHIIemnmsa caMoBOCCTaHABIMBAIOLIIXCS TTOTMMEDP-
HBIX MaTepHraiaoB u3BectHa ¢ 1980-x rT. B 1981-m romy
Jonansn JIxxyn B cBoeit pabote oTpa3uyi BO3MOXKXHOCTh
HCIEICHNUS HEBUINMBIX MUKPOTPEIINH C IIEIbIO TTPOI-
JIEHWST CPOKA CITY>KOBI TTOJTMMEPHBIX KOMITOHEHTOB [2].
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[lepBBIMU CTATBSIMU, KOTOPBIE TTPOIEMOHCTPHUPO-
BaJil CIIOCOOHOCTH psiga MOJMMEPHBIX MaTepHaIOB
«caMo3aJIeunBaTh» TpelnHy, Obn «IlaccuBHOE yM-
HOE CaMOBOCCTAHOBJICHHE B TIOJIMMEPHBIX MAaTPUIHBIX
KOMIIO3UIIMOHHBIX MaTepuaiax», olyoJInKOBaHHAS
B Bupmxunun, CIIIA [3], u <ABTOHOMHOE UCIIeJIeHI e
TOJTMMEPHBIX KOMITO3UTOB» [4], Te OB 0O0HApOI0-
BaHbI YCIICIIHBIE MOMBITKU OLEHUTh 3aKOHOMEPHOCTh
pa3pacTaHMsI TPEIIMHBI B IOJTMMEPHBIX MaTeprajlaxX U MX
BocctaHoBieHre. B 2003 romy rpyrmma ucciemnoBaTeeii
M3 pa3HBIX AMEPUKAHCKUX YHUBEPCUTETOB TIPOIEMOH-
CTpPUpPOBaja CaMOBOCCTAHABIMBAIOIINIICS apMUPOBAH-
HBI BOJIOKHAMHU CTPYKTYPHBIN ITOJIMMEP, KOTOPBIA
TIPEICTABIISUT COOOM MAaTPUIHBIM KOMITO3UTHBIM MaTe-
pHaj ¢ MUKPOKAIICYIMPOBAHHBIM XUMHUECKIM KaTajIi-
3aTOPOM, TTOABEPTaBIINIACS TPEITMTHOOOPA30BAHMIIO TIPHU
KoMHaTHOM Temmnepatype [5]. C Tex mop MHOTOKpPaTHO
BO3pOC MHTEPEC, CBSI3aHHBIM ¢ TTOMCKOM MaTepUaliOB
¥ UCCICIOBaHMEM MeXaHM3Ma CAMOBOCCTAHOBIICHMUS,
TIPUTSHYB BHUMAaHUE Pa3JIMIHBIX CTPATCTMICCKH BaxXK-
HBIX OPTaHU3AIIUI — OT apXUTEKTYPHBIX aTeHTCTB, TPaXK-
nmaHckoro crponresnscTsa 10 BBC CIIA [6] u EBporreii-
CKOTO KOCMHMYECKOTO aTeHTCTBA [ 7], KOTOPBIC BIOXMIIN
3HAUYMTEIBHBIC CPEIICTBA IJIST IIPOBEICHUSI MCCIeAOBaHII
CaMOBOCCTaHABIMBAOIINXCS TIOJIMMEPOB.

[TepBrIit 0630p IIMPOKOTO CIIEKTPa CAMOBOCCTaHAB-
JIMBAIOIINXCST MATEPUAIOB OBLIT HAITMCAH ITpodeccopoM
HendTcKoro TeXHNIECKOTO YHUBEPCUTETA, TOKTOPOM
Cubpann BaH aep LIBaaroMm, KOTOPHIN ONMCal KaTero-
pUM, pa3IMIHbIC TTOOXOObI K pa3paboTKe 1 (haKTuye-
CKHE CTPOUTEIBHBIC CITOCOOHOCTH TAKMX MaTEepUAaJIOB,
KaK KepaMUKa, ImoJuMepsl 1 MeTayiiel [8]. Hambomee
yoemuTeIbHbIC UCCIICAOBAHMS, CBSI3aHHEIC C SIBJICHICM
CaMOBOCCTAHOBJICHUSI MaTePUAJIOB, OBLIN IIPOICMOH -
CTpUpOBaHbI HeI(TCKIM TeXHIIECKUM YHUBEPCUTETOM
BO BpeMsd nipoBeneHus B 2007 rony «IlepBoit MmexxmyHa-
POIHOI KOH(EPEHITNN TI0 CAMOBOCCTAHABIMBAIOIITIMCST
MaTepHanam», ipoxonusiineil B Humeprangax. B To ke
BpeMsI TPYIIIa aMepUKaHCKUX MCCeIoBaTeNeil pa3pa-
6oTaja KOHICIIINIo 3P GEeKTUBHOTO pa3Mepa YacTHUI]
WHKAICYJINPOBAHHBIX CAaMOBOCCTAHABINBAIOIINXCS
TIOJIMMEPOB, KOTOPBIEC OBUTM COpa3MepPHBI MaKCUMAaJTb-
HO BO3MOXHOMY pa3Mepy TPeIINHbBI, TAKUM 00pa3oM,
PE3YIIBTAT UCCICAOBAHMI ITPOIEMOHCTPUPOBAJ TOCTH -
JKEeHHe XKeJIaeMOTro BOCCTAHOBUTEILHOTO a(pdekTa [9].

B xxypHaiie «XuMusi MaTepuaioB», OIyOIMKOBAHHOM
B 2008 romy, moktop Illeda 1. beprman u mpodeccop
®pen Bymin, ocHOBHIBasICh Ha CBOMCTBE 00paTUMO-
CTH, TIOJTHOCTBIO OTIHMCAJIN CITOCOOHOCTH ITOJIMMEPOB
K BoccTaHoBieHuIo [10]. Te Xe pe3yabTaThl ObUIH TTOA -
TBEPXKICHBI U TOITOTHEHBI UCCIICIOBATEIBCKOM TPYIITION
u3 YHuBepcureta BapBuka, KoTopast 6ojiee 1eTajabHO
W3y4nIIa SIBJICHUE CAMOBOCCTAHOBJICHUS B TIOJIMMEpax
[11]. TIpodeccop Puuapn I1. Byn BHec BKitam B Mate-
puajoBeicHIE, OTICaB MEXaHMICCKOE M TEPMUIECKOE

MOBPEXAeHNE 1 3aKUBIIeHNE TToimMepoB [12]. Komanma
J1.M. By B cBoeii cTaThe onucaja MexaHU3M pa3pyleHuUsI
1 KOHIICTIIINIO 3aKMBJICHUS B TIOJIMMEPHBIX CUCTEMAX,
a TakXKe MpeaioXuaa MeToabl OLleHKU 3((hEeKTUBHOCTH
camoBoccTtaHoBieHud [13]. [ToaHBINM cIIeKTp mpuMe-
HEHHS CaMOBOCCTaHABIMBAIOIINX CIIOCOOHOCTEI Ma-
TepuajaoB ObLT 00001IeH B pab0oTaxX KUTANCKUX UCCIIE-
nosareneii [14]. KomaHaga aBTOPUTETHBIX U OITBITHBIX
nccaenonareseii mon pykosomctsoMm H.P. Corroca npen-
cTaBMJIa OOIIECTBEHHOCTH HOBYIO KOHIIEeHIINIo «bro-
WHCTIUPUPOBAHHBIX MaTEPUAJIOB IS CAMOOUYUIICHUS
1 CaMOBOCCTaHOBIICHUS», KOTOpas IIPOIEeMOHCTPHUPO-
BaJIa TIEPCIIEKTUBY CAMOBOCCTAHOBJICHUS C IIOMOIIIBIO
MHTETPUPOBAHHBIX OMOCHCTEM ¥ aBTOHOMHOTO pearupo-
BaHus Ha rioBpexxaeHus [15]. [lepBoe «IloteHumanbHoOe
IIPUMEHEHIE CAMOBOCCTAHABIMBAOIINXCSI MATCPUAJIOB
B CTPOUTEJILHOI OTpacin» ObLIO O(pULIMATIBHO OITyOIM-
KOBaHO TPYMIION MCcaeaoBaTesieii 13 YHUBepCcUTeTa
Kapnudda, koropast BeIHEc]Ia TTPOOIEeMbl JOJITOBEY-
HOCTH IIEMEHTHBIX MaTePUAJIOB U TIpeIcKa3ajia BEICOKMIA
CIIPOC Ha CaMOBOCCTaHaBIIMBaroIIecs 6eToHbI [16].

OmHako Ha CeTOMHSIITHMI TeHb KoMnaHus Lmom-
Oepike SIBIIICeTCS eAMHCTBEHHOM He(hTecepBUCHOI KOM-
naHuel, pa3paboTraBlieii U yCHEIIHO ITPUMEHSIIONICH
«caMo3aJIeunBaOIINIicS» eMeHT Futur, KoTopsIii ak-
TUBHO TIPUMEHSICTCS [IJI IIEMCHTUPOBAHUS CKBAXKIH.
Kpowme Toro, postk TpUITepHOTO MEXaHM3Ma TSl AaKTHUBa-
LMY [IEMEHTHOM CUCTEeMBI Futur BEIITOTHSIIOT YIJIEBONO-
pomHbIe ra3el. TakuM 06pa3oM, IIPY MOSIBICHUN TPEIIH
B IICMCHTHOM KaMHE, HEKOTOPBIC KOMITOHCHTBI ITPOHMK-
HYBIIETO YIJIeBOAOPOMAHOTO ra3a BCTYIAalOT B KOHTAKT
CO CIIeIMaJIbHBIMU J00aBKaMM, MHTETPUPOBAHHBIMU
IIPY 3aTBOPEHUM LIEMEHTA, TTOCJIC UX B3aUMOICHCTBUS
paHee TTOBPeXXIEeHHBIN IIEMEHTHBIIT KAMEHb BOCCTaHAB-
JIMBAETCS 10 TIEPBOHAYATILHOTO BUIA, COXPAHSIS NCXOMI-
HYIO IPOYHOCTH. LleMeHTHOE KOJIBIIO TepMETU3UPYETCS
B TCUCHME HECKOJBKUX YaCOB, TIOCIIC YeTO MUTPAIIUK
XKUIKOCTU He Tpoucxonut [17].

00630p DpuH b. Mepdu n @pena Bynna oxBaTui
«Mwup YMHBIX UCLEJISIONINX MaTepraioB». B ux mcce-
JIOBAaHUU TIPEIACTAaBJICH INTyOOKMIT B3IJISIT Ha 00JIaCTh ca-
MOBOCCTaHABIIMBAIOIINXCSI MATEPUAJIOB, IIPEICTABICHBI
HEKOTOPBIC aKTMBATOPHBIC MEXaHMU3MEI 1 CITOCOOHI 3a-
JICYMBAHMS KaHAJIOB, BKpaTIle 00CYKIACTCS JOJITOBCY-
HOCTh 1 MHOTOKPAaTHOCTb MCTIOIh30BAHMS KOMITO3UTHBIX
MaTepuaiion [18].

B «ExxeromHom 0030pe ucciieqoBaHul HOBBIX MaTe-
pHYAIOB» TPYIIA AaBTOPUTETHRIX aBTOPOB COOOIIMIIA O HO-
BOM TIOIXOJIE K pa3paboTKe 0€301acHOT0, JOJTOBEYHOTO
KJIacca 3JIaCTOMEPOB, a TAKKE O Pa3IMIHBIX CIIOCO0ax
HaHeceHUs TTOKphITHif Ha Matepuaisl [19]. C 2010 roma
3HAUYNTEILHBIN 00BheM MCCIICIOBAHUIN OBLT ITOCBSIICH
IpoGIeMaM MHKATICYIISIITAN ¥ TPAHCTIOPTUPOBKY Pa3IiTd-
HBIX caMo3ajieunBaronmx areHToB [20, 21, 22], a Takke
WHTUOUTOPOB VIS 3aIUTEI OT KOppo3uw [23, 24].
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[TouTy IeBSTH JIET TPYIIION yueHBIX 13 JlenhTcKOTro
TEXHUYECKOTO YHUBEPCUTETA IO, PYKOBOACTBOM MUKPO-
6uosnora rmpogdeccopa XeHka JIxkoHKepca IPOBOIUINCH
HCCIIeN0BaHMS 1 pa3paboTKa CaMOBOCCTaHABIMBAIOIIIE-
rocs 6eToHa, ycrnelrHoe IpUuMeHeHWe KOTOPOro ObUI0
o0baBieHo 14 mag 2015 roga. KoHnemnys naHHOM pa3-
paboTKHU 3akjovyajach B BBEAEHUU OCOOEHHOTrO BUIIA
OakTepuii OALMII B COCTAaB CTPOUTEJIHLHOTO OeTOHAa
¥ 00ecIIeueHUN UM ITUTATETbHOM cpelbl. DT OaKTepun
ObUIM 3aKJIIOYEHBI B OMOpa3jiaraeMblii MIacTUK, KOTO-
PBI pa3iaraics Ipyu B3auMoaeicTeuu ¢ Boaoii. Ilocie
TOTr0, KaK KaricyJibl ¢ 0akTepusiMy TTOJIBEprajrich BO31EH-
CTBMIO BOJbI, OAKTEpUU HAUMHAIN MUTAThCS JIAKTATOM
KaJIbLIUSI Y TTIPOU3BOIUTH OTJIOKEHMS KAJIbLIUSI, KOTOPbIE
B CBOIO OY€pe/ib SIBJISIIOTCS TOMOTEHHBIMU 110 OTHOIIIE-
HUIO K LIEMEHTHOMY MaTepuaily, AeMOHCTPUPYS Ueab-
HYIO aare3uto K rmocienHeMy. CoOTBETCTBEHHO, IIPOTHO
CHEIUISISICh ¢ 0a30BbIM MaTepUaIOM, MPOIYKT KU3HE-
NesITeIbHOCTH OalnyIl epeKpbiBasl KaHaJl, TEM CaMbIM
O10KUpYH ITyTh MUTpaumu Ta3a [25]. Kak yrBepkaaet
aBTOp pa3pabOTKU, €ro MPOAYKT JIy4llle BCErO MOAXOIUT
JUJISI CTPOUTEILCTBA TTOA3EMHBIX XPaHWJIUIILL OTTACHBIX OT-
XOJIOB, a TaK>Ke JIJISI TIPOKJIaAKX MOA3EMHbBIX TYHHEEH,
(byHIaMeHTOB, aBTOTOPOKHBIX MOCTOB, OCTOHHBIX TTepe-
KPBITUI Y TUAPOTEXHUUYECKUX COOPYKEHUIA.

Hayka, nsyuatoiias Mmatepuaibl 1 MEXaHU3MBbI ca-
MOBOCCTAHOBJICHHUSI, CYIIECTBYET yke 0oiee 35 jer,
OIHAKO CaMblii OOJIBIION MPOPHIB ObLIT ClieJlaH MEHEe
yeM 3a 15 tet. D10 00BICHSIETCI pa3BUTHEM HOBOTO Ha-
MpaBJIEHUsI UHXXEHEPHOU 1 XUMUUYECKO HayK, Ha3BaHWeE
KOTOPOMY HAaHOTEXHOJIOTHSI, KOTOPOE Ia€T BO3MOXHOCTh
paboTaTh CO CTPYKTYpOUl aToMa U, MOABEprast ero pas-
JIMYHBIM MaHUMYJISIIUSIM, CO3/1aBaTh HOBBIN MPOIYKT.

Tax, ocHoBoMoJIaralolue uccaeToBaHus ObLIN MPO-
BeaeHbl yueHbIMU 13 CIIA n Hunepnanmos. AMepu-
KaHIIaMU ObLIT OTIpeAesieH CIEKTP MaTeEPUaIOB, 1EMOH-
CTPUPYIOLIUX CIOCOOHOCTU K CAMOBOCCTAHOBJIEHUIO;
M3y4eH MeXaHU3M aBTOHOMHOIO caMo3ajieurMBaHUs.
lNonnanauaMu pazpaboTaHbl CIIOCOObI MHKAMICYJIMPO-
BaHUS caMO3aJIeuMBaIOIIMX areHTOB, UX TPAHCIIOPTU-
pOBKa 10 MeCTa Ha3HAUYEHMUS, TPUTTEPHbIE MEXaHU3MBI,
cpeibl OOMTaHMST CaMO3aJeUMBaIOIIX aT€HTOB, METO/IbI
OLIEHKU 3(P(PeKTUBHOCTU CAMOBOCCTAHOBJIEHUSI, YCIIO-
BUSI IUIST TCCTUPOBAHUSA NX (DYyHKIIMOHAIBHOM IIPUTOI-
HOCTHU Y MH. JIp.

CaMOBOCCTaHABIMBAIOIINECSI CUCTEMBI HAIIUIM CBOE
MPUMEHEHUE B PA3IMYHBIX 0071aCTIX, OCOOEHHO ObLIN
YCMNEUHO MPUMEHEHBI B MPOMBIIILIEHHOM CTPOUTENb-
crBe. OmHAKO MMOJ00HAasT «yMHasI» lIEMEHTHAasI CHCTe-
Ma SIBJISIETCSI HOBOM TeHAeHLMel mis1 HeTSIHOM TIpo-
MBILJIEHHOCTHU, O3TOMY TpeOyeT 6oJiee NeTaibHOTO
M3Y4YEeHMSTI MEXaHM3MOB aKTUBALIMU U BOCCTAHOBJICHMSI.
B Tom uucine Tpebyercs 3agaHue CUCTEME CITeLIMaTIbHBIX
CBOICTB, 0OecrneurBaloIMX €€ HaaeXKHOe (PYHKIIMOHM-
pPOBaHME B CJIOXKHBIX TJIACTOBBIX YCJIOBUSIX.

TpeOoBanus K MaTepuaiam AJIs MOJyIeHHsT CaMO3a-
JIeYUBAIOLINXCS IEMEHTOB

ABTOpaMu JaHHOW CTaThbM CTaBUJIAaCh 3ajaya
Mo OompeaesieHUI0 CIeKTpa MaTepuajioB, HauboJee
MPUTOAHBIX IJIST MOAM(PULIMPOBAHUS TaMITOHAXKHBIX
LIEMEHTOB IS MPUIAHUSI UM CITOCOOHOCTEMN K aBTO-
HOMHOMY «3aJIeYrBaHNIO» BOAOIIPOBOISIINX KaHAIOB,
TOSIBJISTIONIMXCS B IEMEHTHOM KaMHE BHYTPY CKBaXKMHbI
B IMpo1iecce MPOBEAEHUS pa3IUUYHbIX TEXHOJIOTUUECKUX
orepauuii. Ucxonst u3 Bo3neicTBUsI 3HAKOMEPEMEHHbBIX
TeMIiepaTyp, BbICOKMX NaBJIEHUI, BIAXKHOCTU U TIepU-
OAMYECKUX TUHAMUYECKMX HArPy30K, MPUXOIAIIMXCS
Ha Kperb CKBaXXMHbBI, ObLIM ONpeaeaeHbl TpeOOBaHUS
K CBOMcTBaM 100aBOK, UCITOJIb3yEeMbIX 11 MOAU(UKA-
LIMU LIEMEHTOB, TPUMEHSIEMBbIX TTPU KPETIJICHUH.

MbI TtosiaraeM, 4To X MOXKHO ¢(popMyIMpoBaTh Clie-
NYIOIIUM 00pa3oMm:

— HaJIMuyMe MIPOYHON MHOTOCJIONHON 000JIOUKHU, KO-
Topasl JOJKHA MPeIoTBPATUTh MPEXAeBPEMEHHOE
HaOyxaHue 100aBKM Ha 3Tarle MPUTOTOBJICHUS U 3a-
KauKM LIEMEHTHBIX PACTBOPOB;

— HayaJio aKTUBAlIMX BOAOTMOIJIOIIEHUS HE paHee, YeM
yepe3 6 4acoB I0CIe OKOHYAHUSI LIEMEHTUPOBAHMUSI,

— UTMTETLHOCTH 3 (PeKTa caMo3aleTNBaHMSI - 0 TTOJT-
HOTO TpeKpallleHUsI MOCTYIUIEHUS BOJIbI;

— CHOCOOHOCTb IMepeKpPbIBATh TPEUIUHBI pa3MEPOM
ot 50 mo 150 MKM;

— COXpaHEHME COCOOHOCTH MHOTOKPATHOTO EUCTBUS
Ha IepruoInIecKoe BOSHUKHOBCHME A¢(DEKTOB;

— OTCYTCTBHE BJIUSIHUS HA TEXHOJIOTUUYECKNE CBOMCTBA
TaMITOHAXXHOTO PaCTBOPA Y IEMEHTHOTO KaMHSI.

O0BeKThI HCCIeIOBAHNS

MBI 1Toj1araeM, 9T0, HaXOmsICh B ITOpaxX IIEMEHTHOTO
KaMH$, BogoHa0yxarolast 1o0aBKa, 00epHyTast Bomopac-
TBOPUMOI 000JIOUKOI, JKECTKO 3aKPETUISICTCS B TIOPaxX 1 He
BEIMBIBaeTCsI Bomoii. [1pr o0pa3oBaHIM CUCTEMBI TPEIIMH
1 TIOCTYIUICHUM TIJIaCTOBOM BOIBI J0OABKA MOJDKHA Ha-
Oyxatb, 3aIIOJTHSISI BECh 00bEM ITOJIOCTH, UYTO HE TIO3BOJIUAT
BoJie (DMIIBTPOBATHCS Yepe3 LIEMEHTHBIN KaMeHb [26].

s mpoBedeHUST WCCIeTOBAaHUNT OOOCHOBAHEI
1 BEIOPAHEI CIICAYIONINE MAaTePUAJIbI: TTOIUAKPUIAMUIT
(ITAA), Bomona6yxatouii moaumep (BHIT B-615), no-
ymakpwunat Hatpus (ITAH), cimteie comommmMepsr [TAA,
aKTUBHBIC TUAPOU3O0JINPYIOIINEe MITHEPATbHBIC MTOOABKH
1 HaOyXaloIIKe 5JIACTOMEPHI.

g Kaxmoro MaTepuajia 000CHOBaHA €ro IPUTOI-
HOCTh B KQUECTBE BOIOIIOTTIOTUTEIIS, TAKKE ITPEICTaB-
JICHBI PE3YIbTAaThI SKCIIEPUMEHTOB TI0 OIIPEICICHHIO
KWHETUKN HAOYXaHMS MaTepHaIOB M CTOMKOCTH MeXa-
HUYECKOMY pa3pyIICHUIO.

Hoauakpusamud (I1AA) mexnuuecxuii [-CH,CH
(CONH,)—|n, npezcrapisieT cOO0M COMOIMMED TTOJIH-
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aKpUJIaMUIa ¢ aKpWIaTaMU IIPY CONEPIKaHUH TTOCIICTHITX
He 0osee 10%, Npou3BOAUTCS M3 HUTPUIA aKPUIOBOM
kucynorel CH, = CH—CN, KOTOpBIii TPU TUAPOIU3E
B IIPUCYTCTBUM CEPHOM KMUCIOTHI JacT aKPYUIAMUI 1 Ya-
CTUYHO aKPUJIOBYIO KMCIOTY. HU3KOMOJIEKYIsIpHBIE
pazHOBUAHOCTU [TAA MOTYT OBITh UCITOJIL30BAHBI IS
CO3MaHMsI T00aBOK C IIEIbI0 TePMETU3aIUN U CHIKE-
HUS PUIBTpAaINU IIEMEHTHOTO KaMHSI, BEICOKOMOJIEKY-
JISIpHBIC pa3HOBUIHOCTU [TAA TTOIXOIST TSI CO3TAHMS
31aCTUYHON U IIPOYHOM IMJIEHKU C BRICOKON (hJIOKYIIU-
pyIoIIeii Crtoco0HOCThI0. CYIIeCTBYIOT TeMITepaTypHBIE
OTpaHNYCHUS, TTOCKOIBKY [TAA TepMUUECKH YCTOMINB
o 100°C.

Boodonabyxarowuii noaumep peacTaBiIsIcT cOOOM
eIUHBIC MAKPOMOJICKYJIBI, CITUTHIC U3 MOJICKYISIPHBIX
nemodek. Llermouyky 1 cBsI3M MexXIy HUMU 00pa3yioT
VIIPYTYIO CETKY, KOTOpast B CYXOM TeJjie VI YaCTUIHO
HAITOJJHCHHOM BOIOI CKpy4YeHa U IIOTHO YITaKOBaHa
B HEOOJIBIIIOM 00beMe KPYITMHOK, JUISI KOTOPBIX OCMO-
THUYECKOE ITaBJICHUE SIBJISICTCST BOOOITOTIIOTUTEILHBIM
MmexaHusMmoM. Pasmep yactui rpanyn BHIT — He Gonee
2 MM, TUTIOTHOCTB OT 1150 mo 1200 xr/m>. TTopomikoo-
o6pasnbiii BHIT HaOGyxaeT Bo BpeMeHM B IIPECHOI BOAE
B 80—100 pa3, a B I1acTOBOI BoAe (C MUHEpaIN3aIli-
eit 150 r/nutp u Goublie) — B 50—60 pa3 mo oGbemy.
ITpouecc Habyxanus u paciuupenuss BHIT He 3aBucut
OT IABJICHUS Ha HETO, TAKXKE OH CTOCK K BO3ICUCTBUIO
temmepatypsl (mo 170°C).

Ioauaxpuasam nampus — HaTpueBasi CoJib MOJU-
AKPUJIOBOI KMCJIOTHI, UMEET XUMUUICCKYIO (DOPMYITY
Buna [-CH, CH(COONa)—|n u npencrasiseT coboit
AHMOHHBIN TTOJIMAJICKTPOIUT C OTPHUIIATEIIEHO 3aPSIKEH-
HOI1 KapOOKCUIILHOM TPYIITOi B OCHOBHOI 11er. OmHUM
M3 OCHOBHBIX CBOMCTB COCTMHEHUS SIBJISIETCSI CIIOCO0-
HOCTb abcopoupoBanus xkuakoct B 200—300 pa3 601b-
me cooctBeHHOTO Beca. [TAH xopoiio pactBopsitoTcst
B BOIIE, IIPX 3TOM JIETKO HaOyXaioT, ITO3TOMY SIBIISIIOTCS
XOPOIITUMU 3aTYCTUTEIISIMU 1 TeIe00pa3oBaTeIISIMH.

Tudpousoaupyrowue munepaavnote dooasxu (I'MJ1)
TaKKe MOXHO MPUMEHSITH IJISI BOCCTAHOBJICHUS Tep-
METUIHOCTH IIEMEHTHOTO KaMHs. [1yIiomanoBast akTiB-
HocTh 'M/I ompenesieTCsT IPUCYTCTBUEM B X COCTaBE
aMop(HOTO KpeMHe3eMa, KOTOPHII B3aUMOICHCTBYET
¢ Ca(OH),, 06pasys BbICOKOAMCIIEPCHBIE TUAPOCUIINKA-
THI KaJIBIHS C TIOBBIIICHHBIMU BSKYIITUMH CBOMCTBAMH,
YTO CITOCOOCTBYET KaK YBEJIMUCHUIO TIPOYHOCTH KaMHSI,
TaK 1 YMEHBIIICHUIO pa3MepOoB IOp, YTO CHIDKAET IIPO-
HUIIAeMOCTb IIEMEHTHOTO KaMHsI. TaKoit aKTMBHOCTBIO
001amaioT, HAIIpUMep, KUCIIbIe 30J16I, ITYIIII0IaHOBas
peakins KOTOPBIX HAaUMHACTCS B BO3pacTe OeToHa
7—14 cyTOK, a OCHOBHAs €€ YacTh IIPOTEKACT B TIEPUOI
30—90 mueit [28].

BricokogucnepcHbie M /I, Takue Kak MUKPOKpPEM-
He3eM, MeTaKaoJIMH HanboJjIee aKTUBHO B3aMOICHCTBY-
FOT C M3BECTHIO B paHHEM BO3pacTe, HAUMHas C 3 CYTOK.

Bricokast xuMmrdecKkast aKTUBHOCTb MUKPOKpPEeMHe3eMa
MIPUBOIUT K TOMY, 9TO, IT0 HEKOTOPEIM ITaHHBIM, 25—
30% ero ot Macchl LieMEHTa MOI'YT ITOJIHOCTBIO CBSI3aTh
Ca(OH)2 B LIEMEHTHOM KaMHe, Torna Kak rmpu 60% 30161
rpuMepHO 3—4% ero octaeTcst B CBOOOIHOM COCTOSIHUM.

Bodonadyxarowue snacmomepor — 310 KayIyKu 1 pe-
3MHOBBIC CMECH, KOTOPBIE padOTaIOT IO IIPUHIIUITY OC-
MOCa, ¥ BoJa BTATUBACTCS B 2JIACTOMED 1 YICPKUBACTCS
B HEM M3-3a Tleperana COJICHOCTH TTOIIePEeK IIOBEPXHOCTH
snactoMepa [29]. Habyxatomme 351acToMephI-TTOIMMEPEI
00J1aIaf0T BEICOKOAIACTUICCKUMU CBOMCTBaMHU. Pery-
JIMPYS PEHEIT 3IACTOMEPHBIX KOMITO3UIINIA, MOXHO
3a7aBaTh IMHAMUKY HaOyXaHUSI B KOHKPETHOM cpeme
(10 400% u 6ostee), CKOPOCTb HAOYXaHUS, TEMIIEPATYPY
SKCIUTyaTallnu, (U3UKO-MeXaHNIeCKIEe TpeOOBaHMUS
W3OCINS U T.1.

Cwumotii conoaumep A4 — cyriepabcopOEHT Ha OCHOBE
AHMOHHOTO TToMKpuiIaMuaa. OH MPeaCcTaBIsIeT CO00M
HEepacTBOPUMEIC B BOJIC CIIMMTBIC COITOJTMMEPHI aKpHJIa-
MHIa ¥ akpuiiata Kanus. [ToamMepsl comep:kat Habop
TTOJTMMEPHBIX LIETIOUCK, TapaJUIeIbHBIX APYT ApyTry. OHM
PETYISIPHO COeAMHEHBI CITMBAIOIINMI areHTaM1, 00pa-
3ysI ceTKy. Korma Boma KOHTaKTHPYeT ¢ OMHOM U3 3TUX
IIETIOYEK, OHA BTATUBACTCS B MOJICKYITY TIOJIMMepa 01aro-
Iapst OCMOCY M COXPaHsSIeTCsI, OBICTPO MUTPHUPYSI BHYTPb
nomMepHoii ceTku. CIINTLIN cormomMep AA abcopou-
pyeT KoamaecTBo Bombl 10 500 pa3 6oJIbIIe CBOEH MACCHI,
TIepexoms B TEIIN.

3AK/IIOYEHUE

Taxum 06pa3oM, BEITIOTHEHHBIC MCCIICIOBAHMS T10-

Kaz3aJIm:

— IIEMEHTHBIN KaMeHb B HE(DTSIHBIX U Ta30BBIX CKBa-
KWHAX, SIBJISISICh HanboJIee YI3BUMBIM DJIEMECHTOM
KpeTu, JIETKO pa3pyIIaeTcs IIPU IMPOBEACHUH TEXHO-
JIOTUIECKUX OTIepalliii BHYTPpH CKBaXKWHBI, U TIPaK-
TUYECKY ¢IMHCTBEHHBIM CIIOCOOOM BOCCTAaHOBJICHUS
€0 TePMETUYHOCTH SIBIISICTCST IPUMEHEHIE CaMO3a-
JICYNBAIOIINXCS IIEMCHTOB;

— aHajuM3 3apyOesKHOTO OMbITa Pa3pabOTKM U IIpUMe-
HEHUS CaMOBOCCTAaHABIIMBAIOIIMXCS (CaMO3aIednBa-
FOIMXCST) MaTePHUAJIOB, UMEIOIINX BBICOKYIO 3(DheK-
TUBHOCTB B Pa3IMIHBIX OTPACIISIX IIPOMBIIUICHHOCTH,
IToKa3aJjl, 9YTO OHM HE MOTYT MCIOJIb30BaThCS IPU
KPEIICHNN He(TSHBIX 1 Ta30BBIX CKBAXKIH;

— 000CHOBaHBI TPeOOBAHUS K MaTepHaiaM, KOTOPBIC
MOTYT OBITh MCTIOJTb30BaHBI B KAUECTBE MOIN(ULINPY-
IOLLMX JO00ABOK K CaMO3aJIeUBAIOLIMCSI LIEMEHTAM;

— 000CHOBaHEHI 1 MPOAHATM3UPOBAHBI PA3TAIHBIC BUIBI
ITOJTMMEPHBIX MaTepUaIOB U ITOKa3aHO, YTO B HaM-
OOJIBIIICH CTEIICHM TIPEIbIBISICMBIM TPEOOBAHUSIM
OTBEYaeT CIIMTHINA comoaumep AA, SIBIISTIOIITAIACS
cyrepabcopOeHTOM Ha OCHOBE aHMOHHOTO ITOJIH-
KpUJIaMHIIA.
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ON THE OBSERVANCE OF PUBLISHING ETHICS BY THE EDITORS

OF ELECTRONIC EDITION «<NANOTECHNOLOGIES IN CONSTRUCTION:
A SCIENTIFIC INTERNET-JOURNAL» AND THE STATEMENT

OF PREVARICATION ABSENCE.

ON THE USE OF THE CONTENT IN ACCORDANCE WITH CREATIVE
COMMONS CC-BY «<ATTRIBUTIOND>.

DECLARATION OF THE OPEN ACCESS JOURNAL.

General statements

These are the principle ethical regulations which are observed by the editors of electronic edition «Nanotechnolo-
gies in Construction: A Scientific Internet-Journal»:

1. Editorial Council, Editorial Board and the editorial staff follow the politics aimed at observance of ethical pub-
lishing principles and admit that controlling observance of ethical publishing principles is one of the main tasks in
reviewing and publishing activities.

2. No plagiarism is allowed. That concerns the case when the author submits published or unpublished paper by
other authors under his name as well as the case when the author misappropriates one’s ideas. If the author uses the
fragments borrowed from other sources in his paper, he should make a reference to these sources. The examples of
the references are given in the section «For the authors».

3. The editors publish the papers of the authors from all countries and of all nationalities who deal with the prob-
lem determined by the editorial policy.

4. The editors don't cooperate with the authors who have ever been caught in plagiarism in his papers submitted
to the electronic edition «<Nanotechnologies in Construction: A Scientific Internet-Journal» or other editions if this fact
will be revealed.

5. The editors use software to reveal plagiarism related to the papers available in Internet.

6. The editors will be grateful to the readers for any information concerning revealed elements of plagiarism and
breaking of ethical rules by the authors. This information will be published in the edition.

7. The editors undertake obligations not to publish papers appealing for terrorism and containing xenophobia
and offences of other authors or citizenry.

8. At least three experts evaluate quality of the paper. External blind paper review is performed by two invited
experts with corresponding specialty and Doctor degree. The editors send paper to the experts without author’s
information and the review form to fill. The papers are reviewed for free and voluntary. In case of positive external
review the paper is sent to a member of Editorial Council or Editorial Board for further evaluation. The paper is recom-
mended for publication in case of three positive review.

9. Among the requirements to be met by the reviewers there is plagiarism elements disclosure. The reviewers
duties are given in the section «For the reviewers».

10. Unreviewed papers or editorial materials are marked by proper references.

11. The journal allows authors to keep author’s rights and their rights on publication without restrictions.

12. The authors of the materials published in the journal permit using their content according to the license Cre-
ative Commons CC-BY «Attribution». This kind of license allows other people to distribute, edit, correct and base on
the work of the authors, even with commercial purpose, while the authors mention them as co-authors. The license
is recommended to distribute widely and use licensed materials. More details about the license Creative Commons
CC-BY are available here http://creativecommons.ru/.

13. Declaration of the Open Access journal. The editors follow the politics of «open access» for the published
materials. According to the Budapest Open Access Initiative (BOAI) the editors consider free access to the published
materials in Internet and the right of each user to read, download, copy, distribute, print, search or link to the full

’
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text papers, search with indexer robot, enter them as data in software or use them for other legal purpose without
financial, law or technical obstacles excluding those that regulate access to the Internet itself. The only restriction for
reproduction and distribution and the only condition of copyright in this area must be the author’s right to control
the entity of his work and obligatory links to his name when his work is used and cited.

Articles from the journal (article metadata) are available in open access:

« on the website of the electronic publication «Nanotechnologies in Construction: A Scientific Online-Journal»,
link - http://nanobuild.ru/en_EN/archieve-of-issues/;

« in the full-text database of open-access scientific journals Open Academic Journals Index (OAJI), link — http://
oaji.net/journal-detail.htmI?number=6931;

« on the website of the scientific electronic library, link — http://elibrary.ru/contents.asp?issueid=1568760;

- in the database of scientific journals Directory of Open Access Journals (DOAJ), link — https://doaj.org/, next —
the journal is searched «Nanotehnologii v Stroitel'stve»;

+ in the database of scientific journals ResearchBib, link - http://journalseeker.researchbib.com/view/issn/2075-

8545;

- on the Internet resource of scientists of all scientific disciplines ResearchGate, link — https://www.researchgate.
net/journal/2075-8545_Nanotechnologies_in_Construction;

- in the international scientific base Readera - https://readera.ru/nanobuild;

« in other citation systems (databases).

That allows scientists and specialists all over the world to study journal’s materials and to use them in their work
as well as to cite them.

Every paper must contain the following information: place of work (university (institute), enterprise and other
types of organizations, city, and country), position, academic degree, academic title, full postal address and email that
allows scientists and specialists from different countries to contact authors.

Each paper is assigned UDC, DOl and metadata of the paper contains machine-readable information on CC-licens-
es (HTML-code), other identifiers of the materials.

14. The detailed information about publication ethics, the material reviewing procedure, license principles, decla-
ration of Open Access journal, observance of author and joint rights to follow is presented in international standards,
laws of the Russian Federation, professional codes, and guidelines. One of them is International standards of the Com-
mitte on Publication Ethics (COPE), licenses Creative Commons, Budapest Open Access Initiative, the guidelines for
Elsevier’s reviewers, Civil Code of Russian Federation (item V), the law of RF «<On mass media», the law of RF «On the
advertisement», Code of the journalist professional ethics, Code of scientific publication ethics etc.

For the editor-in-chief

Decision on Paper Publication. The editor-in-chief of electronic edition «Nanotechnologies in Construction:
A Scientific Internet-Journal» is responsible for making a decision which of submitted papers are to be published in
the journal. This decision always must be based on the examination of paper reliability and its importance for sci-
entists and readers. The editor-in-chief may be guided by methodical recommendation elaborated by the editorial
council and the editorial board of the journal. He also may take into account legal requirements, such as exclusion of
libel, infringement of copyright and plagiarism. When making decision on the publication, the editor-in-chief may
consult with the members of editorial council, editorial board or reviewers.

Justice. The editor-in-chief evaluates submitted papers by the intellectual content, regardless of the race, sex,
sexual preference, religion, ethnic origins, citizenship and political views of the author.

Confidentiality. The editor-in-chief, editorial staff, members of the editorial council must not disclose information
on the submitted manuscript to the third person except for the author, reviewers, potential reviewers, the editorial
council’s consultants, and the publisher.

Disclosure and Conflict of Interests. The information contained in the submitted paper cannot be used in the
paper of the editor-in-chief, members of the editorial council or editorial board without author’s written permission.
Confidential information or ideas obtained during review must be kept in secret and must not be used for self-profit.

The editor-in-chief should not review the paper if there is a conflict of the interests evolving from competition,
cooperation or other relations with someone from the authors, companies and organizations which are related to the
paper.

The editor-in-chief should ask all authors to present information on the certain competitive interests and publish
corrections if the conflict of the interests has been revealed after the publication. If necessary another appropriate
action such as publication of disproof or expression of a concern can be performed.
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Examination of complaints of ethnic character. The editor-in-chief should take reasoned and prompt measures
if he gets complaints of ethnic character in respect to the submitted manuscript or issued paper, contacting with the
editors and publisher.

For the reviewers

Review of the paper (review) assists the editor-in-chief to take decisions on the publication of it, and the review-
ers’ criticism can help the author to improve his paper (review). The editors of electronic edition «Nanotechnologies
in Construction: A Scientific Internet-Journal» appoint reviewers from the members of the editorial council, editorial
board or engage outside experts. Review is aimed at evaluation of scientific importance and novelty of the submit-
ted manuscript. The authors of the submitted manuscripts recognize expediency and necessity of the review. Having
agreed to do review, the future reviewer undertakes the following obligations.

Promptness. The persons addressed by the members of the editorial staff through the editor-in-chief in respect
to the review of scientific papers, have ethical obligations concerning the efficiency of review. If it is not possible
to present the review within the given period, one must inform the editor-in-chief about that and new reviewer is
appointed.

Confidentiality. Each manuscript submitted to the review is to be reviewed as a confidential document. It is not
to be examined and discussed with the third persons, except for those appointed by the editor-in-chief.

Neutrality. The reviews must be done impartially. No personal accusations for the author are allowed. The re-
viewer should express his point of view in a clear and reasoned way.

The reference evaluation. The fact that there are no references in the manuscript should be marked and consid-
ered by the reviewer. If the manuscript partially of completely coincides with the publications known by the reviewer
and the references to these publications are absent, that must be pointed out by the reviewer. The examples of the
bibliographic references are given in the section «For the authors».

Plagiarism disclosure. In the case of suspicion of paper duplication or plagiarism the reviewer should point out
this fact in his review.

Ethical rules. Confidential information and ideas of reviewed paper must not be disclosed. Materials of the re-
viewed paper must not be used for reviewer’s self-profit. The reviewer follows the rule according to which he doesn’t
use ideas and statements obtained from the reviewed paper in his own work and publications without written per-
mission of the author.

The reviewer should not review the paper if there is a conflict of the interests evolving from competition, coopera-
tion or other relations with someone from the authors, companies and organizations which are related to the paper.

On request the editors may forward reviews to the Higher Certification Committee of the RF, as well as to the inter-
national citation systems (databases) to evaluate the quality of the papers and review procedure in general.

In particular, the editors confirm their permit to transfer and publish the following materials on website of Scien-
tific electronic library eLIBRARY.RU together with License materials of the journal:

« texts of reviews for library’s users;
« surnames and information on reviewers for library’s users.

For the authors

1. The authors submit to the editors:

+ electronic manuscript (by email info@nanobuild.ru) performed according to the paper format guidelines for
text and graphical materials given in Appendix 1. The topics of published materials must correspond to the
topics stated by the editors of the electronic edition «<Nanotechnologies in Construction: A Scientific Internet-
Journal» in Appendix 2. The format of submitted papers must be done according to the structure given in
Appendix 3.

* accompanying letter (the editors send the sample of the letter to the authors on demand).

The authors of the materials published in the journal permit using their content according to the license Creative
Commons CC-BY «Attribution»; agree that each paper is assigned UDC, DOI and that metadata of the paper contains
machine-readable information on CC-licenses (HTML-code) and another identifiers of the materials; agree to publish
full texts (parts or metadata) of the paper in free access in Internet at the official website of the edition (www.nano-
build.ru), Scientific electronic library eLIBRARY.RU, citation systems (data bases): ISSN, Russian Index of Scientific Cita-
tion, Ulrich’s Periodicals Directory, DOAJ, CA(pt), Compendex, Scopus, Web of Science, EBSCO Publishing, ResearchBib,
CrossRef, ProQuest et al.
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All that authors indicate in the cover letter. More details about the license Creative Commons CC-BY are available
here http://creativecommons.ru/.

2. The paper should reflect the results of original research and its relation to the previous research performed by
the author himself or other scientists. The relation to other research can be presented directly in the body of the paper
as well as in the form of the references to the previous sources. If the author uses the material from other publications,
the paper must contain the references to these materials. The references follow the body of the paper. The examples
of the references are given in Appendix 4.

When writing a paper, one should follow the principles of professional ethics, be competent, objective and an-
swerable.

3. The editors, the editorial council or the editorial board may ask the authors to present all firstprimary sources
and materials relating to the submitted paper. Materials must be kept for 1 year after the paper has been published.

4. Every paper published in the journal is peer-reviewed to confirm its originality and correspondence to
paper format guidelines. The use of other scientists’ results and thoughts must be done in a proper form. No
plagiarism is allowed. The authors must confirm the fact that the paper is published for the first time or they ask
to publish it for the second time.

5. The information obtained in informal way, for example, in private discussion or correspondence, cannot be
presented in the paper without written permission of the source of information. The information which source is a
private activity, in particularly, reviewing of manuscripts or grant applications, cannot be used in the paper without
written permission of the authors.

6. Republication of the paper on the editorial council’s (or editorial council’s) own initiative is made in agreement
with the authors, editors and holder of the intellectual property right on the paper. In the case of the paper republica-
tion the publisher is to make a statement on that.

To submit a paper with co-authors is possible if all persons indicated as co-authors made their contribution to
development of the concept, design, performance or interpretation of the described research.

If the contribution of a person who cooperated on the research described in the paper is not enough significant to
regard him as a co-author, he should be acknowledged in the paper.

The paper publication for post-graduates is free of charge.

7.The contact author must provide reading and approval of the final version of the paper by all co-authors, as well
as their approval to the publication.

8. In the case of conflict of interests including potential one the author or co-authors must inform the editors
as soon as possible. When a principle mistake or inaccuracies have been revealed in the issued paper by the author
himself, he must urgently inform the executive editor and render editor-in-chief efficient assistance to publish dis-
proof or correction. If the editor-in-chief gets the information on the serious mistake contained in the paper from
the third person, the author must present urgent disproof of that at the same time producing proofs of his rightful-
ness to the executive editor (or to the editor-in-chief) and provide necessary changes.

9. The authors should be aware of the fact that the editors, the editorial council and the editorial board of the
electronic edition «Nanotechnologies in Construction: A Scientific Internet-Journal» take the responsibility for the
assistance to scientific community to observe all aspects of publishing ethics, particularly in the cases of paper dupli-
cation or plagiarism.

10. The authors of the published materials are responsible for the reliability of the given information and the use
of the data which are not to be issued in public. The editors have the right to make corrections. The editors’ opinion
can be different from the authors’ opinion; the materials are published to discuss the problems of current importance.
The editors are not responsible for any information contained in advertisement.

11. Having reviewed the submitted materials, the editors notify the authors of their decision by email. If the paper
has been rejected, the editors send reasoned refusal to the author.

12. Any full of partial reprinting of the materials is allowed only by the written permission of the editors.

Dear authors,
we kindly ask you to adhere strictly
to format guidelines when formatting your paper.
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Appendix 1

The paper format guidelines

The papers are submitted by email (info@nanobuild.ru)
and formatted in the following way.

1. The body of the paper
«  The number of pages in the paper — more than 3 but less than 10 pages in A4 format.
Margins: left and right — 2 cm, bottom and upper - 2,5 cm.
The body of the paper is performed in Word.
The font of the body - Times New Roman.
The font size of the text is 14 pt, the factor of line-to-line spacing - 1,15.
To keep the style uniform, don't use font effects (italics, underlined etc).
Indention — 1 cm.
Complex formulas are performed by the means of MS Equation 3.0. contained in WinWord.
Formulas are placed in the center of the column (page) without indention, their numbers are given in round brack-
ets and are placed in the column (page) with right justification. If there is only one formula in the paper, it is not
numbered. Above and at the bottom of the text formulas are not separated by additional space.
To make the reference to the formula in the text use round brackets (1), to make reference to the bibliographical
source use square brackets [1].
The size of the references is 12 pt.

2. Graphical design of the paper
Illustrations are stored in vector format eps or in any other design applications of MS Office 97, 98 or 2000.
After the first mentioning of the diagrams, pictures and photos in the text, they are inserted in the form which is
suitable for the authors.
The legends (12 pt, normal) are placed under the figures in the center after reduced word Fig. and number (12 pt,
bold) of the figure. If there is only one figure, it is not numbered.
Between the legend and the following text — one line-to-line spacing.
All pictures and photos must be contrast and the resolution of the pictures and photos must be no less than
300 dpi. lllustartions are desirable to be coloured.
The lines of the diagrams must not be thin (the line width — no less than 0,2 mm).
Copies and figures scanned from the books and journals of a low quality and resolution are not accepted.
The word Table and the number of the table are placed with right justification. The heading of table is on the next
line (center adjustment without indention). Between table and the text — one line-to-line spacing. If there is only
one table, it is not numbered.

3. The format of the modules
Modules must be contrast and the resolution of the modules must be no less than 300 dpi (format .jpg).
The size of the modules, mm:
1/1 =210 (width) x 297 (height);
1/2 - 170 (width) x 115 (height).
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Appendix 2

The Topics of Published Materials

« Nanostructured systems strength and penetrability formation theory development.

« Mathematical quantum and other types of models for nanomaterials characteristic research.

+ The problems of nanomaterials and nanotechnologies implementation in construction and building materials.

« Technological principles of nanostructures creation (liquid melts, sol and gel synthesis).

« Creation of new functional materials in construction.

« Development of transition principles «disorder-order» when creating composites with the use of synergetic and
other approaches.

+ Study of different technological principles when creating nanosystems in industrial production.

« Diagnostics of building systems nanostructures and nanomaterials.

« The problems of obtaining of high-density and high-durability building materials (concretes, ceramics etc.).

« Technologies of mineral particles grinding to nanodimensional levels.

« Technology of blending mixtures with nanodispersed particles and methods to activate them.

« Hydrodynamic methods and other methods of aqueous suspensions and solutions activation.

« Modification of aqueous solution of different nanodimensional additives used in construction.

« Research in the area of powder nanomaterials toxicity.

« Metal reinforcement modified by nanodimensional materials in production process.

« Carbonic, basalt and aramid fibers and other types of fibers of small diameters with nanodimensional structural
characteristics.

« Cement and other binders with mineral and organic additives.

« Concretes and solutions modified by nanodimensional additives.

« Mineral particles suspensions used for laques, paints as well as for modifiers for concretes and solutions; proper-
ties, fabrication method and durability.

« Organic materials dispersions used in laques and paints production as well as to manufacture additives for con-
cretes and solutions; activation methods and durability of these dispersions.

« Use of nanopowder of different nature to modify building materials properties.

« New characteristics of building materials based on nanosystems.

+ Modification of building materials with nanofibers.

- Disperse composite materials with nanocoating.

- Formation of nanostructure coatings by means of laser sputtering.

«  Development of the methods aimed at studying materials nanostructure on the basis of disperse systems, includ-
ing studying of vacuum nanoobjects in porous systems.

« Technologies aimed at studying nanomaterial properties.

+ The systems of teaching the fundamentals of nanotechnologies.

The topics can be different, directly or indirectly related to the areas mentioned above.
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The structure of the paper

SECTION (In English) / SECTION (In Russian)

DOI
UDC

Title (In English)

Author(s):

Place of employment for each author (university
(institute), enterprise or other companies, city, country),
position (In English), email of each author

Abstract: the source of information, which is
independent on the paper and which allows

Russian and foreign specialists to make conclusion
about the quality of the content of the paper (extended
abstracts must be informative, original, contain

main results of research, structured, compact -
200-250 words) (In English)

Keywords: (In English)
Acknowledgements: (if available) (In English)
For citation: (In English)

Machine-readable information on CC-licenses
(HTML-code) in metadata of the paper

The paper has been received by editors:
The paper has been received by editors
after peer-review:

Appendix 3

Abstract: the source of information, which is
independent on the paper and which allows

Russian and foreign specialists to make conclusion
about the quality of the content of the paper (extended
abstracts must be informative, original, contain

main results of research, structured, compact -
200-250 words) (In Russian)

Keywords: (In Russian)
Acknowledgements: (if available) (In Russian)
For citation: (In Russian)

Text of the paper: (In English)
- INTRODUCTION

- MAIN PART

. CONCLUSION

Text of the paper: (In Russian)
- INTRODUCTION

- MAIN PART

. CONCLUSION

References: (In English)
References: (In Russian)

Information about the author(s): (In English)

Information about the author(s): (In Russian)

The paper has been accepted for publication: Contacts:

Title (In Russian)

Author(s): Place of employment for each author

(university (institute), enterprise or other companies,

city, country), position, (In Russian), email of each

author
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Appendix 4

Reference Formats
(according to guidelines of VINITI RAN)

References are given after the text of the paper. The references in the list must be numbered.

Description of a Paper from Electronic Journal:

Falikman V.R., Vainer A.Y. Photocatalytic Cementitious Composites Containing Mesoporous Titanium Dioxide
Nanoparticles. Nanotehnologii v stroitel’stve = Nanotechnologies in Construction. 2014, Vol. 6, no. 1, pp. 14-26. Avail-
able at: http://nanobuild.ru/en_EN/ (Accessed __ ). (In Russian).

Note: VVolume 1 - 2009; Volume 2 - 2010; Volume 3 - 2011; Volume 4 - 2012; Volume 5 — 2013; Volume 6 - 2014;
Volume 7 - 2015; Volume 8 - 2016 etc.

Description of a Paper from Journal:
Zagurenko A.G., Korotovskikh V.A., Kolesnikov A.A., Timonov A.V., Kardymon D.V. Technical and economic optimi-
zation of hydrofracturing design. Neftyanoe khozyaistvo — Oil Industry, 2008, no. 11, pp. 54-57. (In Russian).

Description of a Paper from Ongoing Edition (Proceedings):

Astakhov M.V., Tagantsev T.V. Eksperimental’noe issledovanie prochnosti soedinenii «stal’-kompozit» [Experi-
mental study of the strength of joints «steel-composite»]. Trudy MGTU «Matematicheskoe modelirovanie slozhnykh
tekhnicheskikh sistem» [Proc. of the Bauman MSTU «Mathematical Modeling of Complex Technical Systems»], 2006,
no. 593, pp. 125-130.

Description of a Paper with DOI:

Korolev E.V.,, Smirnov V.A. Evstigneev A.V. Nanostructure of matrices for sulfur constructional composites:
methodolody,methods and research tools. Nanotehnologii v stroitel'stve = Nanotechnologies in Construction. 2014,
Vol. 6, no. 6, pp. 106-148. DOI: 10.15828/2075-8545-2014-6-6-106-148.

Description of Conference Proceedings:

Usmanov T.S., Gusmanov A.A., Mullagalin .Z., Muhametshina R.Ju., Chervyakova A.N., Sveshnikov A.V. Features
of the design of field development with the use of hydraulic fracturing. Trudy 6 Mezhdunarodnogo Simpoziuma
«Novye resursosberegayushchie tekhnologii nedropol’zovaniya i povysheniya neftegazootdachi» [Proc. 6th Int. Symp.
«New energy saving subsoil technologies and the increasing of the oil and gas impact»]. Moscow, 2007, pp. 267-272.
(In Russian).

Description of Book (Monograph, Collection):
Lindorf L.S., Mamikoniants L.G., eds. Ekspluatatsiia turbogeneratorov s neposredstvennym okhlazhdeniem [Op-
eration of turbine generators with direct cooling]. Moscow, Energiia Publ., 1972, 352 p. (In Russian).

Kanevskaya R.D. Matematicheskoe modelirovanie gidrodinamicheskikh protsessov razrabotki mestorozhdenii ug-
levodorodov [Mathematical modeling of hydrodynamic processes of hydrocarbon deposit development]. Izhevsk,
2002. 140 p.

Description of Translated Book:

Timoshenko S.P, Young D.H., Weaver W. Vibration problems in engineering. 4th ed. New York, Wiley, 1974. 521 p.
(Russ. ed.: Timoshenko S.P, lang D.Kh., Uiver U. Kolebaniia v inzhenernom dele. Moscow, Mashinostroenie Publ., 1985.
472 p.).
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Brooking A., Jones P, Cox F. Expert systems. Principles and case studies. Chapman and Hall, 1984. 231 p. (Russ. ed.:
Bruking A., Dzhons P, Koks F. Ekspertnye sistemy. Printsipyraboty i primery. Moscow, Radio i sviaz’' Publ., 1987.224 p.).

Description of Internet Source:

APA Style (2011). Available at: http://www.apastyle.org/apa-
style-help.aspx (accessed 5 February 2013).

Pravila Tsitirovaniya Istochnikov (Rules for the Citing of Sources)
Available at:

http://www.scribd.com/doc/1034528/ (accessed 7 February 2013).

Description of Thesis or Abstract of Thesis:
Semenov V.I. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyi tor. Dokt, Diss. [Mathematical model-
ing of the plasma in the compact torus. Doct. Diss.]. Moscow, 2003. 272 p.

Description of State Standard (GOST):
State Standard 8.586.5-2005. Method of measurement. Measurement of flow rate and volume of liquids and gases
by means of orifice devices. Moscow, Standartinform Publ., 2007. 10 p. (In Russian).

Description of Patent:
Ponomarev A.N., Seredokho V.A., Sofronov A.Yu. Construction structural element. RF Patent 2683836 C1. 2019.

Bulletin N2 10.

Description of Unpublished Document:
Pressure generator GD-2M. Technical description and user manual. Zagorsk, Res. Inst. of Appl. Chem. Publ., 1975.

15 p. (In Russian, unpublished).
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O COBJIIOAEHUN PEQAKUME SNIEKTPOHHOIO U3AAHUA
HAHOTEXHOJIOI'M B CTPOUTEJIbCTBE: HAYYHbI UHTEPHET-
KYPHAN» U3AATENIbCKON 3TUKU N 3AABJIEHUE OB OTCYTCTBUN
3J10YNOTPEBJNIEHUA CNYXEBHbIM NMNOJIOXKEHUEM.

Ob UCMNOJIb3OBAHUUN KOHTEHTA B COOTBETCTBUU
C JIMLEEH3UEN CREATIVE COMMONS CC-BY «ATTRIBUTION».

AEKJIAPALINA OPEN ACCESS XKYPHAJA

O6wume nonoXxeHunsa

OCHOBHbIE 3TUYECK/E HOPMbI, KOTOPblE COOMIOAAET pelakLnaA SNeKTPOHHOro n3gaHus «HaHoTexHonornm B CTpo-
UTeNbCTBE: HayUYHbI IHTEpHET-XypHan»:

1. PepaKuMOHHbBIV COBET, pelakLOHHas KONErns, KOJINIEeKTUB pefakuumn NoAAep KUBAIOT MOJIMTYKY, HanpasieH-
HYI0 Ha COOMIofeHVEe MPYHLMIMOB U34ATe/IbCKOM STUKY, Y MPU3HAIOT, YTO OTCSIEXMBaHUE COONIOAEHA MPVHLMUMOB U3-
LATeNbCKON (pefakLUMOHHOW) STUKU ABMSAETCA OAHOM 13 MMaBHbIX COCTABMAOLIMX PELeH3POBAHNA U U34aHUS.

2. HeponycTUmMbIM ABASIETCA Nlarvat, B Kakol 6bl TO HX 6b10 dopMe. ITO KacaeTcs Kak NpeacTaBaeHus K nyonu-
KaLuu1u nog CBOMM UMeHeM Mnpexae onybmkoBaHHbIX UM HEOMYHIMKOBAHHbIX PaboT ApYryX aBTOPOB, TaK 1 NPYCBO-
€HVA uyXux ngen. B cnyyae 3anmcTBoBaHUs GparMeHTOB UyKMX paboT aBTOP AOMKEH YKa3aTb UCTOYHUK. Mprmepbl
6ubnunorpadryeckux cCbilok NpUBeLeHbI B pasgesnie «<ABTOpamy.

3. Pepakuma nybnukyeT cTaTby aBTOPOB BCEX CTPAH M HALMOHANbHOCTEN, KOTOPbIe UCCIeAYIOT NpobiemaTuky,
onpefeneHHyo pefakuMoHHON NOSINTUKON.

4. Pepakuus He COTPYLHMYAET C aBTOPaMU, KOTOpble KOraa-nvmbo JonyCcTUnm cyiyyaun niarvata B CTaTbaAx, npeg-
CTaBJIEHHbIX B 3/IEKTPOHHOE U3faHne «<HaHOTEXHONOrM B CTPOUTENbCTBE: HayUHbIN IHTEpHET-XKYpPHam» Ui gpyrmx
N3[aHUsX, eCSIV TaKOBOE CTaHEeT N3BECTHbIM.

5. Pepakumsa ncrnonb3yeT NporpaMMHble CpefCcTBa 1 obecneyeHme Ans BbiiBEHUs Niarrata n3 paboT, UMeLwnx-
ca B NHTepHeTe.

6. Pepakuus Oypet C Npu3HaTENbHOCTbIO MPVHUMaTb UHGOPMALMIO OT YMTaTeNell OTHOCUTENBHO BbISIBIEHHbIX
UMW DTIEMEHTOB MJarMaTa U HapyLleHUsi aBTOPamMm MOPasibHbIX HOPM 1 MY6JIMKOBATb €€ Ha CTPaHMLIAX XypHana.

7. Pepakumsa 6epeT Ha ceba 06a3aTeNbcTBa He NyONMKOBaTb CTaTbl, KOTOPbIE COAEPKAT NPU3bIBbl K TEPPOPU3MY,
NposABeHNA KCeEHOPOOMM, OCKOPONEHMA APYTX aBTOPOB UM FPaXKaaH.

8. B pepakuuum B oLeHKe KauecTBa coepKaHnA CTaTbM yYacTBYIOT, KAK MUHMMYM, 3 3KcnepTa. [lpoBoaunTcA
BHELLHee C/ienoe peLeH3npoBaHue cTaTel, AnsA PeLeH3POBaHUA KaXKAolW CTaTbu NMPUBMEKaloTcsa 2 3KcnepTa.
PeueH3rpoBaHue cTaTen oCywWwecTBAAETCA CNELnanncToM COOTBETCTBYIOLWEro NPpodusa, UMEKLKM YUYeHyto CTe-
neHb He HVKe JOKTOpa HayK. PelakLa HanpaBnseT peLeH3eHTyY CcTaTbio 6e3 yKa3aHusA cBefeHnin 06 aBTope(ax)
n dopMy ons MOArOTOBKM peLieH3un. PeLleH3npoBaHe cTaTe BbIMOHAETCA Ha JOOPOBONbHON 1 6e3B03Me3[-
HOW OoCcHOBe. B ciiyyae NosioXnTeNbHOro BHELIHErO peLleH3MPOBaHNA CTaTbA HAaNPaBIAETCA 1A OLEeHKM OLHOMY
U3 YIeHOB pefCcoBeTa Unu peakonneruu. Mpy NONOXKNTENbHOM PeLleHNN TPEX SKCMEPTOB CTaTbsl PpEeKOMEHYeT-
ca K ny6nukaymm.

9. Cpenwn TpeboOBaHMUN, NPEABABAAEMbIX K PELIEH3EHTAM, €CTb ONpefeneHne Hanuus 31eMeHToB nnarnata. O6a-
3aHHOCTU PELIEH3EHTOB NpriBefieHbl B pa3faese «PeLieH3eHTamy.

10. CTpyKTypa Hay4HbIx cTaTel npueeaeHa B MpunoxeHunm 3.

11. XKypHan no3BonseT COXPaHATb aBTOPaM aBTOPCKME MNpaBa 6e3 orpaHNYeHUin, a TakKe COXPaHATb aBTopam
npaea Ha nyb6nukauuy 6e3 orpaHuYeHniA.

12. ABTOpbI NYGNVIKYEMbIX B KypHaJie MaTepurasioB JONYCKaloT NCMOSIb30BaHVE KOHTEHTa B COOTBETCTBUU C NU-
ueHsuen Creative Commons CC-BY «Attribution» («<ATprnGyLus»). 3Ta nuueH3na No3BosSET APYTM PAaCcipPOCTPAHATD,
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penakTMpoBaTb, NONPaBsaTb 1 6paTb 3@ OCHOBY MPOM3BEAEHME AaBTOPOB, JaXe KOMMEpPUECKM, A0 TexX Mop, NokKa
OHU YKa3blBalOT Balle aBTOPCTBO. JINLEH3MA peKOMeHAOBaHa A1 MaKCVMasibHOTO PacnpOCTPaAHEHNsA U UCMOMb30-
BaHWA JIMLEH3MPOBaHHbIX MaTepuanoB. NMoapobHo o nuueH3nn Creative Commons CC-BY cmoTtpute 3gech http://
creativecommons.ru/.

13. Heknapauma Open Access XypHana. Pegakumna vsgaHna npuaepKnBaeTca NonTUMKM «OTKPbITOro AoCTyna» K
ny6nukyemMbiM MaTepuanam. Mo «oTKpbITbIM JOCTYNOM» B COOTBETCTBUM ¢ ByganewTckon nHmumatmeo «OTKpbITbIN
poctyn» (BUO[) penakums nogpasymeBaeT CBOOOAHDBIV AOCTYM K NMyOnVIKyeMbIM B XKypHasie MaTepranam yepes nyonamnu-
Hbl IHTEPHET 1 NPABO Ka)J0ro nosib30BaTeNs UATaTb, 3arpy»aTb, KOMMPOBaTb, PACMNPOCTPAHATb, pacneyaTbiBaTb, UC-
KaTb WN Aenatb CCbUIKM Ha MOJIHOTEKCTOBbIE CTaTbU, MPOBOAUTL MOUCK POOOTAMU-NHAEKCATOPAMK, BBOAUTb MX KaK
[aHHble B MPOrpaMmmMHoOe obecrneyeHne 1y NCnosb3oBaTh AJ1A APYTrX 3aKOHHbIX Liefie Npy OTCYTCTBUM GpUHAHCOBbIX,
MPABOBbIX 1 TEXHNYECKIX NMPErpag, 3a UCKITYEHNEM TEX, KOTOPbIE PEryNupYIOT JOCTYN K cO6CcTBeHHO HTepHeTy. EanH-
CTBEHHbIM OFPaHNYEHMEM Ha BOCMPOU3BOACTBO U PacipOCTPaHeHre 1 eQUHCTBEHHbBIM YC/IOBUEM KOMUPaTa B STOMN
06nacT fOMKHO ObITb MPABO aBTOPa KOHTPONIMPOBATb LIEIOCTHOCTb CBOEN PaboTbl 1 06s3aTeNbHblE CCIIKM Ha €70 UMSA
Mpw KCNoNb30BaHUN PabOTbI 1 ee LNTUPOBAHUN.

CraTtby 13 KypHana (MeTaflaHHble CTaTel) pa3MeLLaloTCA B KOTKPbITOM JOCTYMex:

+ Ha CalTe 3MeKTPOHHOro n3fdaHna «HaHOTEXHONOrUN B CTPOUTENIbCTBE: HAYUHbIN MHTEPHET-KYPHa», CCbUIKa —
http://nanobuild.ru/ru_RU/, nanee — pa3gen «<ApxvB HOMepPOB»;

« B MOJIHOTEKCTOBOW 6a3e [aHHbIX HayuHbIX XypHaNoB OTKpbIToro pgoctyna OpenAcademic)ournalsindex (OAJI),
ccbinka — http://oaji.net/journal-detail.html?number=6931;

+ Ha calite HayuHoW 311eKTpOoHHOM 6nbnmnoTekuy, ccoiika —http://elibrary.ru/contents.asp?issueid=1568760;

« B 6a3e HayuHbIx XypHanos Directory of Open Access Journals (DOAJ), ccbinka — https://doaj.org/, panee - ocy-

LecTBNAETCA NOUCK »KypHana «Nanotehnologii v Stroitel'stve;

« B 6a3e faHHbIX HayuHbIX »KypHanos ResearchBib, ccbinka — http://journalseeker.researchbib.com/view/issn/2075-

8545;

+ Ha UHTepHeT-pecypce YUEHbIX BCEX HAYUHbIX aucumnivH ResearchGate, ccbinka — https://www.researchgate.net/
journal/2075-8545_Nanotechnologies_in_Construction;

« B Hay4yHOW MexpyHapognHou 6a3e Readera - https://readera.ru/nanobuild;

« B JPYrvX CMCTeMAax UMTUPOBaHUA (6a3ax JaHHbIX).

TO NO3BONIAET YUeHbIM 1 CrelnancTaMm BO BCEM MUPe CBOOOAHO 3HAKOMUTBLCA C MaTeEpPUANamMm XypHana u uc-
Monb30BaTb UX B CBOEN AeATeNbHOCTY, B T.U. LUTUPOBaTb B CBOVX CTaTbsAX.

B kaaol1 HayuHOW cTaTbe y aBTOPOB 06513aTefIbHO YKa3blBAKTCA: MECTO PaboThl (YyHUBEPCUTET (MHCTUTYT), Npes-
npuaTrEe 1 Apyrve opraH13auny, ropog, CTPaHa), JOMKHOCTb, YUeHas CTerneHb, yYeHoe 3BaHMeE, MOJHbIA MOYTOBbIN
aApec 1 3NeKTPOHHBIN agpec, YTo obecrneyrBaeT BO3MOXKHOCTb HEMOCPEeACTBEHHO OOLIATLCS YUEHbIM 1 CrieLanm-
CTaM 13 Pa3HbIX CTPaH C aBTOPaMMU.

Kaxnpon ctatbe npuceamsaetca UDC, DOI, B MeTaflaHHbIX CTaTbsIX Pa3MeLLaeTcs MallMHoYTaeMas nHpopmaumns
o CC-nuueHsnn (HTML-kopn), opyrvie naeHTMdrKaTopbl MaTepranos.

14. Bonee nogpobHas MHPopMaLMA 0 COONOAEHUN N3[ATENBCKOW ITUKW, MOPALKE PeLeH3MpPoBaHNA MaTepua-
NOB, MPVIHUUMNAX NNLEH3MPOBaHWA, Aeknapauun Open Access »KypHara, Co6MofeHN aBTOPCKOrO 1 CMEXHbIX MNpa-
BaX, KOTOPbIMM HY>KHO PyKOBOZCTBOBATbCA, COAEPXKUTCA B MEXAYHaPOAHbIX CTaHapTax, 3akoHax Poccuinckon Qepe-
pauuu, npodeccroHanbHbIX KofgeKcax, pykosoacTteax. Cpean HuUX — MexayHapofHble cTaHAapTbl KomuTteTa no strke
nybnukayun (Committe on Publication Ethics — COPE), JluueHsnun Creative Commons, byganewTckas nHiymaTrea
«OTKpbITbIN fOCTYN», PyKOBOACTBO ANA peLieH3eHTOB u3aatennbcTsa Elsevier, MpaxgaHckun kogekce PO u. IV, 3akoH
PO «O cpepcTBax maccoBor nHbopmaunmy, 3akoH PO «O peknamer, Kofekc npodeccrmoHanbHOM STUKM XKYPHANUCTa,
KofeKc 3TKy HayuHbIX nybnnkauum u gp.

MaBHOMY pepakTopy

PelueHve no ony6nmKoBaHMIO CTaTbU. [J1aBHbIN pefakTop SNEKTPOHHOro ugaHusa «HaHoTexHonorum B CTPO-
UTENbCTBE: HayYHbI VIHTEpHET-KypHan», OTBeYaeT 3a NPUHATUE PeLLUEHNA O TOM, Kakue 13 NpeacTaBlieHHbIX B pe-
LAKLUMI0 XypHana paboT criesyeT ony6iMKoBaTtb. ITO pelleHne BCeraa AOMKHO MPUHNMATBCSA Ha OCHOBE MPOBEPKM
LOCTOBEPHOCTY PaboTbl U ee BaXKHOCTU ANA UCcriefoBaTenen u untatenei. [MaBHbIN peakTop MOXET PYyKOBOACTBO-
BaTbCA METOANYECKUMN PEKOMEHZALMAMM, pa3paboTaHHbIMM PEACOBETOM 1 PeIKOUIErMen XypHarna, v TakuMm iopu-
OVNYECKMM TPebOBaHUAMM KaK HeJOMYLLEHMEe KIIEBETbI, HApYLLEHWsl aBTOPCKOTO Npaga U niarvata. Takxke npu npu-
HATWW peLleHns No Ny6vKaumuy raBHbIA PefaKTOP MOXKET COBETOBATLCA C UlleHaMU PefiCOBETa, PeAKOINerun nim
peLeH3eHTaMu.
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CnpaBegnuBoCTb. [11aBHbI PejakTOp OLEeHMBaET NpefcTaB/ieHHble PaboTbl MO UX UHTENIEKTYallbHOMY Cofep-
XKaHWIo, HEB3MPAsA Ha pacy, MoJl, CeKCyallbHY OPVEHTALIO, PESIUTUIO, STHUUECKOE MPOUCXOXKAEHUNE, FPaXKAaHCTBO
WV MONINTUYECKIE B3MIsAbl aBTOPA.

KoHduaeHUManbHOCTDb. [MaBHbIN PelakTop, COTPYAHMKM PeaKLny, YieHbl PefiCOBETA U PefiCOBETA HE JONIXKHbI
packpbiBaTb UHGOPMALMIO O NPeACTaBEHHOW PYKOMUCK KOMY-TMO0 [pYyromy, 3a UCKIIOYEHNEM aBTOPa, PeLieH3eH-
TOB, MOTEHLMNAJIbHBIX PELIEH3EHTOB, KOHCYNIBTAHTOB PeAakLMOHHOIO COBETA, a TakXKe n3gatens.

PasrnaweHve cBegeHuii 1 KOHGNUKT UHTepecoB. CBefeHsA, cofepKallmecs B NPeACcTaBeHHON CTaTbe, He
LOJIXKHbI MCMOMb30BaTbCA B KAKOWN-IMO60 cO6CTBEHHON paboTe rMaBHOMO peakTopa U YieHOB peAcoBeTa U peaKos-
nervv 6e3 NMCbMEHHOTO pa3peLleHns aBTopa. KoHbuaeHunanbHaa nHbopmauma nnm ngew, NolyYeHHble Npu peLeH-
3UPOBaHUN, AOMKHbI XPAHUTbCA B CEKPETE U HE NCMONb30BaTbCA AJIA NOMyYeHNs IMYHON BbIrOAbl.

[naBHOMY pefakTopy crefyeT OTKa3aTbCA OT CBOEro y4yacTusi B PELEH3NPOBaHUN B CJlyYae, ecyivi NPUCyTCTByeT
KOHQMUKT MHTEPeCOoB, MPOUCTEKAOLWMIA N3 KOHKYPEHLNW, COTPYAHUYECTBA WU APYTrMX OTHOLEHUN C KeM-n6o 13
aBTOPOB, KOMMAHWI NN YUPEXKAEHWI, UMEIOLMX OTHOLLEHNE K CTaTbe.

TnaBHOMY pepakTopy crieflyeT TpeboBaTb OT BCEX aBTOPOB XKypHasia NpefoCTaBNATb CBEAEHUSA O COOTBETCTBYIO-
LMX KOHKYPUPYIOLWKX MHTEPECcax 1 Ny6MKoBaTb UCMPABIEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocse
nybnukayun. B cnyyae Heo6xoAMMOCTM, MOXET BbINMOJIHATLCA ApYyroe nogxofsilee cyiyyaio AecTBre, Takoe Kak ny-
6511KaLMA ONPOBEPXKEHWS NN BbIPaXKeHNA 03a00UYEeHHOCTH.

UzyueHume xanob sTuueckoro xapakrepa. [1aBHOMy pefiakTtopy cyielyeT nprvHMMaTb Pa3yMHO ObICTpble MepbI
npu NOCTYIJIEHNM XaJlob STMYECKOro XapakTepa B OTHOLUEHWW MPeACTaBIEHHON PYKOMUCH U ONy6/IMKOBAHHOM
CTaTbU, IMeA KOHTAKT C peaakLuuen, n3gartesnem.

PeuyeH3eHTam

PeuieH3MpoBaHMe NOMOraeT rMaBHOMY pefakTopy Mpuv NPUHATAW pelleHns 06 ony6MKoBaHMM PaboTbl CTaTby
(0630pa), a Gnarofapa 3aMevYaHUAM 1 NMPEASIOKEHNAM PELIEH3EHTOB MOXET TakXKe MOMOYb aBTOPY YyullinTb €ro
paboTy. Pefakuma 3neKTpOHHOro n3gaHua «HaHoTeXHONOrmMM B CTPOUTENIbCTBE: HayuHbIN VIHTepHeT-KypHan» npu-
B/IEKAET PELIEH3EHTOB 13 UMCJIa BHELLHNX SKCNepToB. PeLieH3upoBaHue JOMKHO 06ecneunTb OLEHKY Hay4yHOW 3Ha-
YVIMOCTM 1 OPUTMHANIBHOCTY NPEeACTaBAEHHOWN pyKonucy. ABTOPbl PyKONKWCeN, NPeACcTaBAeHHbIX K OnybnMKoBaHuio,
NMPU3HAIOT Lienecoobpa3HOCTb U HEOOXOAUMOCTb peLieH3rpoBaHuA. Cornawanch Ha peLeH3npoBaHue, Oyayuwnii pe-
LieH3eHT 6epeT Ha cebs cnepytolivie obA3aTeNnbCTBa.

OnepaTMBHOCTDb. JI1La, K KOTOPbIM OOPATUNIUCH YfeHbl Pefakuumn Yepes rNaBHOrO PefakTopa OTHOCUTENbHO
peLeH3UPOBaHUs PYKOMKUCEN HayuyHbIX paboT, MMeT MopasibHble 00s3aTeNbCTBa OTHOCUTENIBHO €€ OMepaTUBHON
oueHKU. MNpy HEBO3MOXHOCTY NPeACTaBEHUS PELEH3UN B YCTAHOB/IEHHBIN CPOK, 06 3STOM MHPOPMUPYIOT FMaBHOIrO
pefakTopa 1 Ha3HauyalT HOBOTO peLieH3eHTa.

KoHdupaeHUmanbHOCTb. Kaxxpaa nonyyeHHas ans peLeH3MpoBaHUs pyKonucb AOMKHA PacCMaTprBaTbCA Kak
KOHdVAeHUMaNbHbIN AOKYMeHT. Ee He MpocmaTpurBaloT 1 He 00CYXKAAIT C APYTMMY JIMLLaMU, KPOME JINLL, YNIOTHOMO-
YEHHbIX FMaBHbIM PeJakTOPOM.

O6BbEKTUBHOCTD. PeLieH31K JOKHbI BbINOMHATLCA OOBbEKTUBHO. HeonyCcT!Mbl IMYHOCTHbIE HaMaZKM Ha aBTopa.
PeLieH3eHTy cneflyeT BbipakaTb CBOIO TOUKY 3PEHMA AICHO 11 000CHOBaHHO.

OueHKa ccbinok. DakT OTCYTCTBUA CCbITOK B PYKOMNMCY, NPeACTaBIeHHON A5l Ony6/MKOBaHUSA, JOMKEH ObITb OT-
MEUEH N OLEHeH peLeH3eHTOM. B cnyyae cxoacTBa MAM YaCTUYHOIO COBMAAEHMNA PYKOMUCU C M3BECTHbIMU PeLieH-
3€HTYy Ny6NVKaLMAMY, Ha KOTOPbIE OTCYTCTBYIOT CCbITKM, 3TO JOJIKHO ObITb TakXKe yKa3aHo peLeH3eHToM. [pumepsl
6ubnorpadpuuecknx CCbisIok NprBeAeHbI B pasaese «ABTopam».

BbiaBneHue nnaruara. PeLieH3eHT, B CJlyyasx Nofo3peHMs No nosoay Ay6nnpoBaHnsa cTaTby UK nnaruara, Jos-
KeH yKa3aTb 00 3TOM B peLieH3UN.

3Tnueckne Hopmbl. KoHouaeHUranbHaa nHGopMaLmsa 1 naen peLeH3rMpoBaHHON CTaTbl HE AOMKHbI pasria-
waTbcA. MaTepuranbl peLeH3MpoBaHHON CTaTby He [OJIXKHbI UCMONb30BaTbCA AN1A NOTYYEHUA INYHON BbIrOAbl peLieH-
3eHTa. PelleH3eHT cobniofaeT HOpMy, COrNTacHO KOTOPOW OH He MCMOofb3yeT B COOCTBEHHON paboTe 1 nybnukaLumsax
NAen 1 NONOXKEHUS PeLieH3POBAHHOM MM CTaTby 6e3 MMCbMEHHOrO COrfiacus ee aBTopa.

PeuieH3eHTy cnefyeT 0TKa3aTbCA OT CBOErO YYacTUs B PeLieH3NPOBaHNY B CJlyYae, eC/IN NPUCYTCTBYET KOHPIUKT
WHTEPECOB, NPOUCTEKAILWUNIA N3 KOHKYPEHLMM, COTPYAHUYECTBA WU OPYrMX OTHOLUEHUI C KeM-NNOO 13 aBTOPOB,
KOMMaHWM NN YYPEXKAEHWN, UMEIOLLMX OTHOLIEHME K CTaTbe.

Pepakuma moxeT, No 3anpocy, HanpaenATb peueH3nn B BAK PO, a Takxke B MeXKAyHapOAHble CMCTeMbl LUTUPOBa-
HUA (6a3bl JaHHbIX) 4715 OLLEHKM KauecTBa NybnmKyeMbix CTaTel 1 NpoLecca peLeH3npoBaHus B LIESIOM.

http://nanobuild.ru 598 info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal 2019; 11 (5):
HaHoTexHonornn B cTponTenbCTBE: HayuHbI IHTepHeT-XKypHan 587-605 NanObL" )

B wacTtHOCTU, pefakuma nogTBepXxAaeT cBoe cornacue Ha nepegavy v pasmelleHve Ha cante HayyHom snekTpoHr-
How 6rnbnrotekn eLIBRARY.RU BmecTe ¢ JTNLIeH3MOHHBIM MaTepuasnam XypHarna ciieayioLx MaTepuasnos:
«  TEKCTbl peueH3nin ans nonb3oBaTtenen bubnnotekun;
«  damunnm 1 gaHHble O peLeH3eHTax OJida Nosib3oBaTesien 6ubIMoTeKN.

ABTOpam

1. ABTOpbI NpeACTaBNAAIOT B pefaKkLuio:

+  PYKOMUCK B SNEKTPOHHOM BuAe (MO 3neKTpoHHoW noute info@nanobuild.ru) B cooTBeTcTBUM C npaBunamu
0bOopMnEHNA TEKCTOBBIX U rpaduUecKrx Matepuanos, npuseaeHHoiMu B MpunoxeHun 1. Tematuka nyonvkye-
MbIX MaTEPMANOB AOJIXKHA COOTBETCTBOBATL 3asB/IEHHON pefaKLelt SN1eKTPOHHOIo udaaHus «HaHoTexHonornm B
CTPOUTENbCTBE: HAayUYHbIN VIHTepHeT-XypHan» B MpunoxeHun 2. [pefcraBnaemble CTaTbu JOMKHbI COOTBETCTBO-
BaTb CTPYKTYpe, npuBegeHHon B NMpunoxexnun 3.

«  COMPOBOAMTENbHOE MMCbMO (PefaKLA BbICbIIAeT aBTopam obpaseL no nx npefiBaputesibHOMYy 3anpocy).
ABTOpPbI NY6GNMKYeMbIX B XypHasie MaTepuasnioB JOMyCKaloT UCMOb30BaHNE KOHTEHTA B COOTBETCTBMM C JIULIEH-

3uen Creative Commons CC-BY «Attribution» («<ATpnbyuus»); cornacHbl ¢ nprcBoeHrem Kaxgon ctatbe UDC, DOI, ¢

pa3melleHnem MalmHouutaemon nHoopmauum o CC-nuueHsnn (HTML-kog) B MeTafiaHHbIX CTaTbsX, APYrUX UAeH-

TUPVKATOPOB MATEPMasIoB; COrMaCHbl C pa3MelleHNeM B OTKPbITOM JOCTYre MOJHbIX TEKCTOB CTaTel (MX COCTaBHbIX

yacTeln Unn MeTagaHHbIx) B IHTepHeTe Ha canTte usgaHusa (www.nanobuild.ru), HayuHon anekTpoHHo 6nbnmnotekn

eLIBRARY.RU, B cuctemax uutmpoBaHusa (6a3ax gaHHbix): ISSN, Poccuncknii nHpekc HayuHoro uutmposanus, Ulrich’s
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2. B cTaTbe JOMKHbI COfepaTbCs pe3yNibTaTbl OPUTMHANbHbIX NCCNEA0BAHNI U MPOCNEXNBATLCA CBA3b C Npe-
ObIAYLMM UCCNIeOBaHUAMY, BbINMOJIHEHHBIMA JIMYHO aBTOPOM U APYrMY yyeHbIMU. [locnegHee fOMKHO ObiTb
npeacTaB/ieHO Kak B OCHOBHOM TeKCTe, Tak U B pOpMe CCbIIOK Ha npeablaylivie UCTOYHKKN. B cnyyae ncnonb3o-
BaHVA MaTepUanoB 13 paboT Apyrux aBTOPOB CTaTbA JOJIKHA COep»KaTb COOTBETCTBYIOLME CCbiKU. Brbnuorpa-
brYECKUI CNCOK NPUBOAUTCA NOC/e TeKCTa cTaTbu. [pumepbl odopmneHna 6ubnnorpadpruyecknx CCobiioK AaHbl B
Mpunoxxexuun 4.

Mpu HanucaHuy cTaTby criegyeT cobnoaaTb NPUHLMMNBI TPOGECCUOHANBHON STUKK, NPOABATD KOMMETEHTHOCTD,
06BEKTVBHOCTb 11 OTBETCTBEHHOCTb.

3. Pepakuws, pefakUMOHHbIN COBET UV peAakLUOHHAA KONIerisa MOryT NonpoCuTb aBTOPOB MNPefOCTaBUTb BCE
NepBOVICTOYHVIKM U MaTepuarsbl, UMeloLLe OTHOLLEHUE K HaN1caHWIo Ny6nrKyemon ctaTtbu. Matepuarsbl JONXKHbI Xpa-
HUTbCA B TeueHe 1 roga nocne ny6nvkaumu.

4. Kaxpas ctatba, Nnybnunkyemas B XXypHase, peLieH3MpyeTcsa SKCNepTaMm Ha NpeiMeT OPUrMHaNbHOCTU 1 COOT-
BETCTBMA NnpaBuiam opopmiieHus. Vicnonb3oBaHUe TPYAOB WU MbICIEN APYTNX YUEHBIX JOMKHO ObiTb 0dOopMIIeHO
Haanexawmm obpasom. Hegonyctm nnarmat B o060 popme. ABTOPbI JOSIXKHbI MOATBEPANTD, UTO NMYOIUKYIOT CBOIO
CTaTbio BNEpPBbIe IV MPOCAT OCYLLECTBUTL €€ MOBTOPHYIO Ny6nrKauuio.

5. VMHdopmauwsa, nonyyeHHas HeopUUMANbHO, HANPMEP, B YaCTHOM OOCYXXAEHWUW UMM Neperunucke, He MOXeT
ObITb NpeACTaB/eHa B CTaTbe 6€3 NMCbMEHHOTO pPa3peLleHnsa CO CTOPOHbI UCTOYHMKA MHbopMaumn. MHbopmaums,
NCTOYHUKOM KOTOPOW sIBNsieTCA KOHOMAEHUMANbHAA AeATENbHOCTb, B YaCTHOCTY PELIEH3MPOBAHME PYKOMUCEN Un
3as1BOK Ha MojlyuyeHre rpaHToB, He MOXKeT ObITb MCMO/b30BaHa B CTaTbe 6e3 MMCbMEHHOrO COrflacus aBTOPOB.

6. MepeunsgaHue cTaTby MO NMHMLMATVBE PeAakLMOHHOIO CoBeTa (pefakLMOHHON KOMIErn) XKy pHana OCyLiecT-
B/ISIETCA C COrNacusi aBTOPOB, pefakuum 1 0bnagatens npasa MHTENNeKTyanbHON COGCTBEHHOCTY Ha CTaTbio. B ciyuae
MOBTOPHON Ny6NMKauny CTaTb M3daTeslb AefIaeT COOTBETCTBYIOLLEE COObLLEHNe 06 STOM.

MpepcTaBneHue CTaTbl B COABTOPCTBE BO3MOXHO, €CJIM BCE /LA, YKa3aHHbIE Kak COABTOPbI, CAeNanv 3HaumTe b-
HbI1 BKMaZ B pa3paboTKy KOHLEMLUN, NIaHUPOBAHME, BbINMOIHEHUE U MHTEPMPETALMO ONM1CbIBAEMOrO 1ccieo-
BaHusA. B cnyyae ecnum Bknag nuua, onpegenieHHbIM 06pa3om COAeNCTBOBABLLErO OCBELLEHHOMY B CTaTbe UCCNIe[0Ba-
HUIO, HE HACTOJbKO CYLLECTBEHEH, YTODObI BKIIOUNTD €r0 B COABTOPbI, EMY AOJKHA ObITb BbICKa3aHa Npu3HATENbHOCTb.
MnaTa c acnMpaHTOB 3a NyONMKauuio CTaTel He B3VMAETCA.

7. ABTOP-KOPPECMOHAEHT JO/MKeH 0becrneuntb NpoyTeHne U ofobpeHne BCEMM COABTOPAaMM OKOHYATENbHOM
BEPCUM CTaTbK, @ TAKXKe MX coryiacue Ha nybnukauuio.

8. Mpu Hannumm KOHGNMKTa UHTEPECOB, B TOM YMCTIE U MOTEHLMASNIbHOTO, aBTOP WM COABTOPbI JOJIKHbI MHPOP-
MUPOBATb U3JaTeNsA Kak MOXXHO paHblLue. [pu BbiABEHNV NPUHLMMNANIbHBIX OLIMOOK UM HETOYHOCTEN B CBOEN YXKe
onybnuKoBaHHOW paboTe aBTOP 06513aH CPOUYHO COOOLMTL 06 3TOM LWed-pefakTopy M OKasaTb MaKCMMasbHOE COo-
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LEVCTBUE IMaBHOMY pefaKTopy XKypHana Ania nyonvkaumy onpoBepXeHus nnbo ncnpasnennii. B cnyyae nonyyeHus
rMaBHbIM PefakTopoM MHGOPMaUMK OT TPETbUX JIUL O CofepKalleincs B onybnmkoBaHHOM paboTe CyLeCcTBEHHOM
olwnbKe aBTOp 006s3aH MPEACTaBUTb CPOYHOE OMPOBEPXKEHWE C NpeAoCTaBieHMEM [MlaBHOMY pedakTopy (wed-
penaKkTopy) foKasaTenbCTB CBOEN NPABOTbI UM HEOOXOAMMbIE NCTPaBEHUS.

9. ABTOPbI OOMKHbI OCO3HABATb, YTO PeaKLUus, PeaKLUNOHHbIN COBET U peAaKUMOHHAA KOJIeris 3f1eKTPOHHOIo
n3gaHus <HaHOTEXHONOIMM B CTPOUTENbCTBE: HayuHbIN VIHTepHeT-XypHan» 6epyT Ha cebs 06A3aTeNbcTBa MOMOraTb
Hay4HOMY COO6LLEeCTBY B COOMIOAEHUN BCEX ACMEKTOB M3ATeNIbCKOM STUKK, OCOOEHHO B CJyyasx MOAO3PEHNA Mo Mno-
BOAY AyO6nMpoBaHMA CTaTby UKW Naruara.

10. ABTOpbI OMYONMKOBaHHbBIX MAaTePUaNIOB HECYT OTBETCTBEHHOCTb 33 JOCTOBEPHOCTb MPVIBEAEHHbIX CBeleHN
1 UCMOMNb30BaHUe JaHHbIX, HE MOAJIeXallxX OTKpPbITOW Nybnunkauun. Pegakuma octaBnseT 3a cob6ol NpaBo BHECEHNWA
penakTopckon npaBku. MHeHVe pefakuum MOXeT He COBMafaTbh C MHEHWeM aBTOPOB: MaTepuasbl NMybnaukyoTca
C Uenbio OOCYKAEHMS aKTyaslbHbIX BOMPOCOB. Peflakuna He HeceT OTBETCTBEHHOCTU 3a COAEPMKaHME peKiambl
1 06bABNEHUN.

11. MNocne paccMOTpeHUs MaTEPUANoB pefaKkuus YBe[OMSIIET aBTOPOB O CBOEM pPEeLIeHUU SNEKTPOHHbIM
nMcbMoM. B cnyyae ecnu cTaTbs He MOANIEXUT NYONMKALMM, pefakumsa HanpasseT aBTOPY MOTUBUPOBAHHbIN OTKas3.

12. /liobana nepeneyaTka MaTepUanoB NOHOCTbIO UM YaCTUYHO BO3MOXHA TOJTbKO C MCbMEHHOMO pa3peLLeHus
penakumn.

YBa)kaemble aBTOpbDI!
Mpocb6a B LenAx SKOHOMUN BpeMeHM cnefoBaThb
npasunam opopmneHns ctaten B XKypHane.
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MNMpunoxeHue 1

MpaBuna opopmneHna matepunanos

CraTbu NpeACcTaBAIOTCA NO IeKTPOHHON noyTte
(e-mail: info@nanobuild.ru) n opopmnsiorca cnegyrowmm o6pasom.

TekcT cTaTbm.

O6bem cTaTby — He MeHee 3 1 He 6onee 10 cTpaHul popmaTa A4.

MNona: cnesa n cnpasa — NO 2 CM, CHU3Y N CBEPXY — MO 2,5 cm.

OCHOBHOW TeKCT cTaTbh HabnpaeTca B pegakTope Word.

LWpndT ocHoBHOro TekcTa — Times New Roman.

TekcT HabrpaeTcs 14 Kr, MeXAYCTPOUHBIN MHTEPBA — MHOXKTeNb 1,15.

[lns ogHOPOAHOCTY CTUNA He NCMONb3ynTe WPUTOBbIE BbiAeNeHUs (KypCrB, NogUYepKUBaHUSA 1 ap.).

OTcTyn nepBoii CTpoKM ab3aua — 1 cm.

CnoxHble hbopmynbl BbINMOAHAITCA Npy noMoLm BctpoeHHoro B WinWord pegaktopa popmyn MS Equation 3.0.
Dopmyrbl pacnonaralTcs Mo LeHTPY KOJTOHKM 6e3 0TCTyna, UX NopPAAKOBbI HOMEP YKa3blBaeTCA B KPYTJIbIX CKO6-
Kax 1 pa3MeLLlaeTcs B KOJMIOHKe (CTpaHuLe) C BbIK/OUKON BNpaBo. EAnHCTBEHHas B cTaTbe GopMyna He HymepyeT-
cA. CBepxy U CHK3Y GOpPMyJibl HE OTAENAIOTCA OT TEKCTA JOMONHUTENIbHBIM UHTEPBAIOM.

[na ccoblnok Ha Gopmysibl B TEKCTE UCMOMb3YOTCA KPYrible CKOOKM — (1), Ha nUTepaTypHble NCTOUYHVKY — KBagpaT-
Hble ckobku [1].

Bubnuorpadpuueckunin CnMcok npruBoanTcsa 12 Kr.

Fpadunueckoe opopmneHne craTbu.

WnniocTpaumy BbINOMHAIOTCA B BEKTOPHOM ¢dopmaTte eps nnbo B nt0b6OM 13 rpadpuueckmx npunoxkeHun MS
Office 97, 98 nnu 2000.

lpaduku, pucyHkn n oTtorpadrm BCTaBAAOTCA B TEKCT MOCIIE NEPBOro YNOMVHAHWA O HUX B YAOOHOM A5l aBTOpa
BUAeE.

MogpurcyHouHble nognucy (12 Kr, 06bIYHbIN) AAOTCA NOA MIMIOCTPALMAMM MO LEHTPY NOC/Ie COKPALLEHHOTO C/TI0BA
Puc. c nopagkoBbiM HOMepom (12 Kr, NOnyKMPHbIN). EUHCTBEHHbIV PUCYHOK B TEKCTE HE HYMepyeTCA.

Mexxgy NognuChio K PUCYHKY 1 MOC/EAYIOLMM TEKCTOM — OfVH MEXAYCTPOUHbIV MHTepBarl.

Bce pucyHkun 1 doTorpaduv fOMKHbI ObITb KOHTPACTHBIMY U UMETb pa3peLleHre He meHee 300 dpi. Mnnioctpatus-
HbI1 MaTepran kenaTefbHO NPeACTaBATb B LBETHOM M300paXXeHnu.

lPadurKn HeNb3s BbIMOMAHATE TOHKUMU JIMHUAMMW (TOMNLWMHA TMHUIA — He MeHee 0,2 MMm).

KcepokonvpoBaHHbIe, a TaK»Ke MI0X0 OTCKAHMPOBAHHbIE PUCYHKI N3 KHUT 1 XKYPHANIOB HE MPUHUMAIOTCSA.

Cnogo Tabnuua ¢ NopsAaKOBbLIM HOMEPOM pacrosiaraeTcs C BbIK/IIOUKONM BNpaBo. Ha cneaytolein CTpoke npreo-
LUTCSA 3arofIoBOK K Tabnuue (BbipaBHUBAHME MO LEHTPY 6e3 oTcTyna). Mexxay Tabnuvueil v TeKCTOM — OQUH MeXay-
CTPOYHbIV UHTepBas. EAMHCTBEHHas TabnyLa B CTaTbe He HYMepyeTCs.

OdopmneHune mopyneii.

Mopynv foMmKHbI 6bITb KOHTPACTHLIMU 1 UMETb pa3pelleHre He meHee 300 dpi (B dopmare .jpg).
Pa3smepbl mogynen, mm:

1/1 = 210 (wnpwHa) x 297 (BbicoTa);

1/2 = 170 (wunpwHa) x 115 (BbicOTa).
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MNMpunoxeHue 2

TemaTuka nyonnkyembix matepmnanos

« Pa3pabotka Teopuu GoOpMUPOBaHUA MPOYHOCTM 1 HEMPOHMLLAEMOCTM HAHOCTPYKTYPUPOBAHHbIX CUCTEM.

« MartemaTtunyeckne KBaHTOBbIE U ApYrve BUAbl MOZesNel Ana nccnefoBaHna CBOMCTB HAHOMATEPUANOB.

« Mpobnembl NPUMEHEHNS HAHOMATEPWAJIOB U HAHOTEXHOJIOTNIA B CTPOUTENbCTBE U CTPOUTENIbHBIX MaTepuanax.

« TexHonoruyeckue NPUHLMMbI CO3JaHNA HAHOCTPYKTYP (pacnniaBbl, 30/b-reNeBbll CUHTE3 1 Ap.).

« Co3paHve HOBbIX GYHKLIMIOHaMbHbBIX MaTePUAoB B CTPOUTENIbCTBE.

- Pa3paboTka MpUHUUMNOB Nepexoaa «becrnopsanoK-nopsAaoK» MpPU CO3OaHUN KOMMO3UTOB C WUCMOSIb30BaHUEM
CYHEpPreTuKu.

«  M3yueHre paznnyHbIX TEXHONOTMYECKUX MPUHLUMOB MPY CO34aHUN HAHOCUCTEM B MPOMbILLIEHHOM MPON3BOACTBE.

+ [narHoCTMKa HaHOCTPYKTYP 1 HAHOMATEPUAIOB CTPOUTENbHBIX CUCTEM.

« [pobnembl MoNy4YeHUsi BbICOKOMIOTHbIX 1 BbICOKOMPOYHbIX CTPOUTENIbHbIX MaTepuarnoB (6eToHbl, KepamuKa
nap.).

« TexHonoruun n3menbyeHnsa MMHeEPanbHbIX YacTUL 1O HAHOPa3MepPHbIX YPOBHEN.

«  TexHonorua nepemeLnBaHNA CMeCel C HAHOAMUCMEPCHBIMUN YaCTMULAMU 1 METOAbI X aKTUBALUN.

« [ngpoagvHammyeckne n gpyrne MeTofbl akTMBaLMN BOAHbIX CYCMEH3MIA U PacTBOPOB.

«  MogundukaLmsa BogHbIX PacTBOPOB Pa3/INMUYHbIX HAHOPA3MEPHbIX O6ABOK, MCMONb3yeMblX B CTPOUTENbCTBE.

«  WccnepoBaHue B 0611aCTVi TOKCUYHOCTU MOPOLLKOBBIX HAHOMATEPMANIOB.

«  MeTtannnyeckas apmatypa, MogMouLMpPoBaHHasA B MPOLLeCCe N3roTOBMIEHNA HAaHOPa3MePHbIMY MaTepuanamm.

« BonokHa yrnepogHble, 6a3anbToBble, apaMuiiHbie U Apyrie BOJIOKHA MarbiX AMAMETPOB C HAaHOPA3MEpPHbIMU
CTPYKTYPHbIMU XapaKTePUCTUKAMU.

« LlemeHTHble 1 gpyrue BXKyLLMe C MHEPAJIbHbIMUM 1 OpraHnYecKnmy fJobaBkamum.

« beToHbl 1 pacTBOpbI, MOAUPULNPOBAHHBIE HAHOPA3MEPHbIMY 106AaBKaMMU.

«  CycneH3nv MUHepasibHbIX 1 OpraHNYecKnx JO6aBOK, MCMOMb3yemble 4JiA 1aKOB, KPACOoK, a Takke MoandrkaTopos
K 6eTOHaM 1 pacTBOpaMm; CBOMCTBA, TEXHOMOMMA UX MPUTOTOBJIEHNSA U >KNBYYECTb.

« [NpumeHeHVe HAHOMOPOLLKOB Pa3IMYHON NPUPOabI AN MOANPUKALIM CBOMNCTB CTPOUTENbHbIX MaTePUasoB.

+ HoBble CBONCTBA CTPOUTENIbHbIX MAaTEPUANOB HA OCHOBE HAHOCUCTEM.

«  MoaudunumpoBaHmne CTPOUTESNIbHbIX MAaTePMANOB HAHOBOOKHaMM.

« [ucnepcHble KOMNO3ULMOHHbIE MaTepurasibl C HAHOMOKPbITUEM.

«  QopmnpoBaHMe HAHOCTPYKTYPHbIX MOKPbITU Ta3ePHbIM HamMbIIEHNEM.

« Pa3paboTka MeTofoB MCCIef0BaHMA HAHOCTPYKTYPbl MaTEPMANOB HAa OCHOBE AMCMEPCHbIX CUCTEM, B TOM uuncie
NCCneaoBaHUsi HAHOOOBEKTOB MYCTOTbI B MOPUCTbIX CUCTEMAX.

+ TexHonoruuv nccnegoBaHmA CBONCTB HAHOMATEPUAnoB.

«  Cunctembl NpenofaBaHnsa OCHOB HAHOTEXHOMOTUIA.

Temamuka cmamed Moxem 6bimb UHOU, NPAMO UJTU KOCBEHHO CB8A3AHHOU C Nepeyuc/ieHHbIMU HaNPasgieHUusMUu.
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CTpykTypa ctatbun

PYBPUKA (Ha aHrunncKkom asbike) /
PYBPUKA (Ha pycckom fi3bike)

DOI
YaK

3arnasue (Ha aHMUNCKOM A3bIKe)

ABTOp(bI): 06513aTe/IbHOE YKa3aHUe MecTa PaboTbl Kax-
[0ro aBTopa (yHUBepcuTeT (MHCTUTYT), NpegnpusaTne

W gpyrvie opraHu3aunm, ropog, CTpaHa), AOMKHOCTM

(Ha aHrNMINCKOM A3bIKE), 2TIEKTPOHHbBIN agpec

Pe3slome: HE3aBUCUMBI OT CTAaTbW NCTOYHUK UHPOPMa-
LUK, KOTOPbIN NMO3BOISIET POCCUNCKIM U 3apyDOeXKHbIM
cneumanvcTam caenatb BbIBOA O KauecTBe N cofeprka-
HUW CTaTby (pe3tomMe AOMKHbI 6bITb MHGOPMALMOHHbI-
MU, OPUTVHANbHbIMK, COeP>KaTb OCHOBHbIE pe3ysbTa-
Tbl UCCNEAOBAHNIN, CTPYKTYPUPOBaHHbIMM, KOMMAKTHbI-
MU — YKnagbiBaTbcAa B 200-250 cnoB) (Ha aHrMICKoOM
A3blKe)

KnioueBble cnoBa: (Ha aHMMUNCKOM A3bIKe)

BnarogapHocTu: (Npu HanMumm) (Ha aHFUIACKOM
A3blKe)

Ana ynTupoBaHMA: (Ha aHMNNCKOM A3bIKe)

MawunHountaemas nipopmaumsa o CC-nmueHsnax
(HTML-kopg) B MeTaiaHHbIX CTaTbu

CraTbs NocTynuna B pegaKkumio:
CraTbs NocTynuia B pegakuuio
nocne peueH3NpPoBaHNA:

CraTbsl NpUHATa K Ny6nukayun:

3arnaBue (Ha pycCKOM f3biKe)

ABTOp(bI): 06513aTe/IbHOE YKa3aHUe MecTa PaboTbl Kax-
[oro aBTopa (yHUBepcuTeT (MHCTUTYT), NpegnpuaTne

W gpyrvie opraHu3aunu, ropog, CTpaHa), AOMKHOCTM

(Ha pyccKkom A3blKe), SNeKTPOHHbIN agpec

MNMpunoxxeHue 3

Pe3lome: HE3aBUCUMBIN OT CTaTbW UCTOYHUK UHPOPMa-
LK, KOTOPbIN NMO3BOMIAET POCCUNCKUM U 3apyOexHbIM
cneumanncTam CaenaTb BbIBOA O KauecTBe 1 cofeprka-
HUW CTaTbl (pe3tomMe JONXKHbI ObITb MHPOPMALIVIOHHBI-
MU, OPUTMHANbHBIMUY, COep>KaTb OCHOBHblE pe3ysbTa-
Tbl UCCNEAOBAHNIN, CTPYKTYPUPOBAHHbIMMY, KOMMNAKT-
HbIMW — yKnagbiBaTbcA B 200-250 cnoB) (Ha pycckom
A3bIKe)

KnioueBble cnoBa: (Ha pycCKoMm fA3biKe)
BnaropgapHocTu: (Npy Hannumm) (Ha PyCCKOM A3bIKe)
Ona unTupoBaHUA: (Ha PyCCKOM A3blKe)

TeKcT cTaTbu (Ha aHIMUINCKOM A3bIKe)

- BBOOHAA YACTb (BBEOAEHWE)

- OCHOBHAA YACTb

- 3AKJTIOYEHUE (BbIBObI)

TeKcT cTaTbm (Ha PYCCKOM A3bIKE)

- BBOOHAA YACTb (BBEOAEHWE)

- OCHOBHAA YACTb

- 3AKJTIOYEHUE (BbIBObI)

CnucokK nutepartypbli: (Ha aHINNCKOM A3bIKe)
Cnucok nutepartypbli: (Ha PYCCKOM A3bIKe)
NHdopmauma 06 aBTope(ax): (Ha aHINICKOM A3bIKE)

Undopmauus 06 aBTope(ax): (Ha pycCKoM A3biKe)

KoHTaKTbI:

http://nanobuild.ru
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lNMpunoxeHue 4

OdopmneHne 6mbnnorpadunyecKkmnx cCboK
(B coorBeTcTBUN ¢ TOCT P 7.0.5-2008 nTOCT P 7.0.7-2009)

Bu6nuorpaduuecknii cCnMcok NPUBOANTCA NOCEe TeKCTa cTaTbu. Bce ccbinkm B cnucke nocnegoBaTenibHO
HyMmepyloTCcS.

OnuncaHme cTaTby U3 3/IEKTPOHHOIO XXypHana:

Q®anukmaH B.P, BanHep A.Al. DoToKaTanMTnyeckmne LemMeHTHble KOMMNO3UTbI, COAep Kallie Me30nopucTble HaHOoYa-
CTUUbI AoKCMAaa TuTaHa // HaHoTexHonorun B ctpoutenbcTee. 2014. - Tom 6, N2 1. — C. 14-26. URL: http://nanobuild.
ru/ru_RU (naTta obpalueHus: __ )

CnpaeoyHo: Tom 1 — 2009 rog; Tom 2 — 2010 rog; Tom 3 — 2011 rog; Tom 4 — 2012 rog; Tom 5 — 2013 rog; Tom 6 —
2014 rog; Tom 7 — 2015 rog; Tom 8 - 2016 rog v T.4.

OnuncaHue cTaTby U3 XKYPHaNoB:
3arypeHko A.l, KopotoBckux B.A., KonecHukos A.A., TumoHoB A.B., KapabimoH [1.B. TexHnKo-3KOHOMMUYeCKadA on-
TUMK3aUus au3aiHa rmgpopaspoiBa nnacta // HedraHoe xo3amctso. — 2008. — N2 11. — C. 54-57.

OnucaHue cTaTbu U3 NpoAoKaloLLerocs usgaHus (c6opHuka TpyaoB):
ActaxoB M.B., TaraHues T.B. SkcnepumeHTanbHoe UCCiefoBaHe NPOYHOCTU COeAUHEHNA «CTaNlb-KOMMO3UT» //
Tpyabl MITY «MaTemaTmnyeckoe MOAeNMPOBaHME CIOXKHbIX TEXHUYECKUX cucTem». — 2006. — N2 593. - C. 125-130.

OnucaHwme ctatbu c DOL:

Kopones E.B., CmupHoB B.A., EBcTurHees A.B. HaHOCTpyKTypa MaTpuL, CEPHbIX CTPOUTESNIbHbIX KOMMO3UTOB: METO-
[ONorusA, MeTofbl, MHCTPyMeHTapuii // HaHoTexHonorum B ctpoutensctae. — 2014. — Tom 6, N2 6. — C. 106-148. DOI:
10.15828/2075-8545-2014-6-6-106-148

OnucaHue maTepranoB KOHGepeHLuia:

YcmaHoB T.C., T'ycmaHos A.A., Mynnarun U.3., MyxameTwuHa PIO., Yepssakosa A.H., CeelwHunkos A.B. OcobeHHOCTM
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